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ARMA BREAKS 
THE RULES 


Asa veteran in systems combining radar, optics, hydraulics, 
computing, power and control, Arma knows the rules... 
and knows how to break them. 

If you have a systems problem that has stubbornly resisted 
the orthodox approach, why not ask Arma to help you 
solve it. ARMA... Garden City, N. Y. A division of 
American Bosch Arma Corporation. 


CWMERICAN BOSCH ARMA CORPORATION 
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Today, thanks to a complete ground support system con- 
ceived, designed and engineered by Goodyear Aircraft 
Corporation, missile squadrons have more “hustle” — 
require but a fraction of the “muscle” previously expended 
to transport, set up and go into action. 


e The number of vehicles required has been drastically 
reduced. 


e Only one engine type — already in world-wide Air Force 
inventory — is employed. It provides the power needs for 
vehicles as well as electronics and maintenance equipment. 


e Now only one type prime mover of “universal design” 
is required. It can execute any movement required within 
the squadron, carry any one of the specially Goodyear- 
engineered “packs” of ground-handling equipment, and 
haul the launchers which were also built by Goodyear 
Aircraft. 


e Each pack can be “telescoped” for clearance. As a result, 
trucks and entire system are air-transportable — easily 
moved to strategic areas in a hurry. 


e Once there, the squadron can traverse terrain heretofore 
impassable — even through swampy areas, change location 
in a matter of hours — thanks to the huge, low-pressure 
“Go-Anywhere” Terra-Tire developed by Goodyear. 


This astonishing mobility, adaptability and practical logis- 
tics owes its success to a new design concept—engineered 
and executed to the smallest detail by Goodyear Aircraft. 


Theyre doing £19 things at \ I 
GOODZYEAR _ 
AIRCRAFT 


Plants in Akron, Ohio, and Litchfield Park, Arizona 
Rewarding Challenges and Careers for Engineers 
Terra-Tire—T.M. The Goodyear Tire & Rubber Company, Akron, Ohio 
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Intricate Allegheny Ludlum Steel Extrusions 


cut material needs up to 60%, slash machining costs 


Write for this 
technical book 
on A-L Steel Extrusions 


12-pages of design and en- 
gineering information on 
steel extrusions. Process 
and product explanation, 
material properties, design 
tips and limitations, toler- 
ances, order instructions, etc. 


Address Dept. AE-96. 


There’s no doubt about extruded shapes 
saving money on materials and on ma- 
chining. Non-ferrous applications in the 
last decade have proven it. 

Now even greater savings are possible 
with tough, strong metals in Allegheny 
Ludlum Hot Steel Extrusions. 

Extruded shapes in all stainless grades, 
tool steels, carbon steels, electrical steels, 
high temperature alloys ... even in zir- 
conium, nickel alloys... are now in pro- 
duction at Allegheny Ludlum, cutting 
costs in many different industries. 

If you're hogging out sections, paying 
for special mill rolls on small orders, or 


waiting for minimum rolling mill ton- 
nages, Allegheny Ludlum Steel Extru- 
sions are your answer. They will save 
you scrap loss, slash your machining costs, 
hold down your inventory requirements 
and cut delivery time. Charge for die 
design is low—under $200. Orders taken 
for as little as 40 pounds. 

To learn more kee the time and cost- 
cutting possibilities of Allegheny Ludlum 
Hot Steel Extrusions, send for the tech- 
nical booklet at the left or call any A-L 
office for technical assistance. 

Allegheny Ludlum Steel Corporation, 
Oliver Bldg., Pittsburgh 22, Pa. 
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ALLEGHENY LUDLUM 


for all your special steel needs 


Stainless and high-temperature, electrical and tool steels, magnetic materials, and sintered carbide 
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STAINLESS 
STEEL 
MAKES THE 
DIFFERENCE 


...1ts effect on 
modern plane 
construction 


Ptsintons steel honeycomb is bonded 
between thin sheets of stainless steel 
to combine strength with lightness. 

With this new construction, de- 
signers form rear nacelles, struts, 
underwing area panels, ailerons and 
rear fuselage panels near the “hot” 
zone of the inboard engine as well as 
other key points. 

For more information about stain- 
less steel and the contribution it can 
make to your design or marketing 
problems, see your stainless steel sup- 
plier or write ELECTROMET—leading 
producer of over 100 alloys for the 
metal industries, including chromium 
and manganese for making stainless 
steels. ELECTRO METALLURGICAL 
COMPANY, Division of Union Carbide 
Corporation, 30 East 42nd Street, 
New York 17, N. Y. 


METALS DO MORE ALL THE TIME The new B-58 Hustler gets its strength with 
..- THANKS TO ALLOYS light-weight stainless steel in new honeycomb 


construction! This design combines rigidity 


with resistance to heat and corrosion. 
FERRO-ALLOYS AND METALS 


UNION 


CARBIDE 


The terms “‘Electromet” and “‘Union Carbide” are registered trade-marks of Union Carbide Corporation. 
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new for you In 


DPJ-33S 


DPG-34P 


Available in square- 
flanged receptacle, 
Q02, and straight 
plug. QO6. Insert 
iameters: 
and 17/4,” 


CANNON ELECTRIC CO., 3208 Humboldt St., Los Angeles 31, California. oe ™~,, 
Factories in Los Angeles, Salem, Mass., Toronto, London, Melbourne. oe 
Manufacturing licensees in Paris, Tokyo. Representatives and distributors in all principal cities. 


> Vibration 
>» Moisture PROTECTION 


» Pressure 


with new DPJ and DPG Connectors 


New DPJ and DPG Connectors feature sealing by means 

of a rubber seal around the insert faces. Exceptionally 
good protection against vibration and undesirable pressure 
and moisture conditions is provided. The DPG currently 

is available in 5 different insert arrangements, the DPJ 
with 3 insert layouts. Write for Bulletin DP-101 TODAY! 


“EX” SEALED CONNECTORS 


> No Potting Required 
>» Light weight 


New EX Connectors feature a monobloc silicone insert 

into which the contacts are inserted after wiring. When 

the endbell is tightened over the insert, the contacts are 
completely sealed... giving a sealed connector of 

minimum weight without potting. 

EX plug assemblies are currently available in four shell 
configurations with socket contact inserts... EX05, EX06, 
EXGO6 and EXO8. They are basically identical with the excep- 
tion of endbell variations in each case. EX plugs mate and 
seal with standard AN, AN-E, and GS type receptacles, and 
are available in practically all AN layouts using #12 or #16 
contacts from sizes 8S to 28. Write for Bulletin PR-EX TODAY! 


MINIATURE CONNECTORS 
>» Self-Locking » Sealed 
>» Vibration Resistant 


Designed for control and instrumentation circuits of 

all types where space, vibration, moisture, or pressure 
conditions are limiting factors. Resilient grommets seal 
behind inserts... rubber sealing ring seals around the 
insert faces. Locking engagement accomplished by a 
beryllium copper latch within a spring loaded sleeve. 
Three shell sizes, with 7, 13, 19, 37 silver-plated brass 
10-amp. contacts for #18 AWG wire. Alternate positioning. 
Cymel 592 insulators. External parts are cadmium plated 
aluminum. Hermetically-sealed, round-flanged receptacle, 
QH25, also available. Write for Q Miniature Bulletin TODAY! 


(PLUS 

WHERE RELIABILITY IS THE < DIMENSION 
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& Please 
Refer to 
Rie ELECTRIC Dept. 105 
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Foote Bros.— 


a guiding hand 
\ A on the 


AEC 


And now—the Boeing Bomarc IM-99—NEWEST WEAPON 
FOR AMERICA’S DEFENSE. 


Foote Bros. has successfully designed, manufactured, 
and completely qualified, control surface mechanisms 
for this advanced long-range pilotless interceptor. 


Leading manufacturers of airframes, engines—both 
piston and jet, missiles and accessories, know, from 
long experience, that they can depend on 
Foote Bros. for design, development and production of 


highest quality mechanisms, gears, systems and components 
to meet the most advanced requirements of current ~ ie 
and anticipated technology. NS 


If your problem involves any phase of precision 


power transmission, come to Foote Bros. first. 


FODTE BROS. 


Beller Power Transmission Thiough Beller 


FOOTE BROS. GEAR AND MACHINE CORPORATION 
4545 South Western Boulevard, Chicago Q, Illinois 
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Kidde © 


District Sales Engineering Offices: Dallas, Tex.—Dayton, Ohio—St. Louis, Mo.—Seattle, Wash.—Van Nuys, Calif.—Washington, D. C. 


AERONAUTICAL ENGINEERI 


HEAT-FIRE DETECTION Zone type (left) for all-over detec- 
tion. Gives an overheat danger signal and fire alarm. No 
tubes, no resetting after a fire. Spot type (right) for specific 
locations—set from minus 65 to plus 1000 degrees F. 


AUXILIARY POWER SYSTEMS Lightweight, monofuel sys- 
tems for guided missiles, piloted aircraft. Turbine driven 
with horsepower of up to 200; supplies regulated power at 
mean altitudes of 40,000 feet and more. 


NG REVIEW—DECEMBER, 1957 


PUSH-BUTTON FIRE EXTINGUISHING SYSTEM Uses 
CF;BR, CF.BR», CB, MB, or COs... pressurized in spheres 
of strong, lightweight steel. System manually operated by 


pilot. Discharges in a fraction of a second. 


FIBERGLASS SHATTERPROOF AIR-STORAGE SPHERES 


Pressurized air containers—strong enough to handle pres- 
sures up to 5,000 psi, yet 40% lighter than steel. Available 


in volumes of from 50 to 5,000 cubic inches. 


FOR AIRCRAFT: EXTRA SAFETY, EXTRA POWER 


WITH PRECISION PRODUCTS BY KIDDE! 


Leaders in the aircraft safety, auxiliary 
power and pneumatic system fields, Kidde 
now offers a wide range of precision products 
combining the advantages of light weight 
with dependable operation. More than 95% 
of the aviation fire extinguishing systems 
installed on U.S. planes are Kidde-built. 
Kidde’s auxiliary power systems are finding 
wide use on both guided missiles and high 


performance aircraft. And Kidde air com- 
pressors and pneumatic power systems are 
used by Boeing, Fairchild, Lockheed, North 
American, Republic, Douglas, Convair, Avro. 
If you have a safety, pneumatic or secondary 
power problem, Kidde’s advanced engineer- 
ing staff will develop, test and manufacture 
equipment to meet your exact specifications. 
Call or write Kidde today. 


Walter Kidde & Company, Inc., Aviation Division 
1211 Main Street, Belleville 9, N. J. 


Walter Kidde-Pacific, Van Nuys, California ® Walter Kidde & Company of Canada Ltd., Montreal 
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EXPERIENCE 


First in development 
and manufacture of advanced aircraft 
accessories, Simmonds offers the U. S. 
aviation industry a proved source 
for specialized electronic, hydraulic 


SIMMONDS PRECISION PRODUCTS 


ELECTRONIC HYDRAULIC MECHANICAL 


Lightweight Pacitron Fuel Gage Systems: millions of miles of service on aircraft en- 
Fuel measurement and fuel management’ gines, pressurized doors, and specialized 
systems incorporating latest technological applications such as temperature actuators 
improvements are available in the famous and afterburner control systems. 
Pacitron systems. Consistent reliability and Cowling and Access Latches: Heavy duty 
dynamic progress are typified by the Load flush fitting aircraft latches for installation 
Limit Control, the Center of Gravity Control on cowlings and access panels. Two-piece 
and the new True Mass Fuel Gaging System. toggle type, available to fit a wide range 
Specification of Pacitron in the latest mili- of structural curvatures. Used successfully 
tary and commercial aircraft emphasizes for attachment of plastictradomes and other 
Simmonds’ continued leadership in the field. detachable structures. 

biquid Level Sensing Systems: Working 
Systeme independently of the fuel gage system, this 
thermistor sensing system indicates accu- 
rately the precise time at which fuel, oil or 


The only advanced type fuel injection sys- 
tem now in production for medium h.p. 
gasoline engines, the SU * yarn has been other liquid goes above or below any de- 
proven in field tests to give economies up : , 

sai a0 ‘ signed level. It also automatically stops or 
to 25%. Eliminates icing problems, and gives gia 
ics patie ena starts pumps or valves to transfer the liquid 
et —* ; from one tank to another. Settings at various 
Precision Push-Pull Controls: Simmonds levels are easily accomplished. The system 
Push-Pull Controls are positive, precise and is rugged, has no tubes or moving parts, is 
rugged. Capable of heavy loads and accurate light and compact, simple, dependable. Op- 
operation under vibration, continuous cy- erates on military aircraft fuels, oils and a 
cling, temperature extremes, etc. Proved in wide variety of other liquids. 


Detailed literature available on all the above products 


Simmonds 
AEROCESSORIES, INC. 


General Offices: Tarrytown, New York 


Branch Offices: Detroit, Michigan * Dayton, Ohio * St. Louis, Missouri * Washington, D.C. 
Dallas, Texas * Wichita, Kansas * Glendale, California * Seattle, Washington 
Sole Canadian Licensee: Simmonds Aerocessories of Canada Limited * Montreal 
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and mechanical components and systems. 
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small-unit packaging 
simplifies use and handling of 


STAINLESS STEEL SAFETY LOCK WIRE 


The availability of stainless steel safety lock wire on 1, 5 and 10- 
pound disposable spools is good news to manufacturers and service 
organizations in the aircraft, automotive and machinery industries— 
or wherever safety lock wire is required. 


These small-unit spools—now offered for the first time by National- 
Standard— are expected to simplify many manufacturing and servicing 
operations, ranging from extensive use of the handy 1-pound hip pocket 


or toolbox spools in non-localized work, to bench or production uses for 
the larger spools. 


In addition to spools of the 3 capacities, National-Standard offers the 
lock wire in a complete range of sizes, from 0.020 to 0.067-inch and in five 
different government specifications: QQ-W-423; AN-W-23; AN-W-24; 
MIL-W-6713 and AMS-5685-C. 


Spools of all three sizes can be mounted on “‘let-off’”’ spindles and are 


clearly labeled as to type and size of wire. The 1-pound spools are plas- 
tic, the larger spools metal. 


NATIONAL STANDARD 


DIVISIONS: NATIONAL-STANDARD, Niles, Mich.; t/re wire, stainiess. music spring and plated wire * WORCESTER WIRE WORKS, Worcester, Mass.; h/gh and /ow carbon specialty wires 
WAGNER LITHO MA Y.s 


N. J.; metal decorating equipment + ATHENIA STEEL, Clifton, N. J.; high carbon spring steels REVYNOLOS WIRE, Dixon, Ill.; industrial wire cloth 


Ga 
AN WE R 
: 
| 
] 
| 


AERONAUTICAL ENGINEERING REVIEW—DECEMBER, 1957 


RCA-2N384...upto 
250 Mc as rf oscillator; 
100-Mc aipha-cutoff 
frequency. 


RCA-2N247... upto 
132 Mc as rf oscillator; 
30-Mc alpha-cutoff 
frequency. 


RCA-2N370...asrf 
amplifier in short- 
‘wave receivers. 


\ RCA-2N274... upto 
\\\\ / 132 Mc os rf oscillator; 


2 frequency; compact in 


your best 
choice is A 


DRIFT| TRANSISTORS 


Y 


RCA-2N372...4a5 
mixer in short-wave 
RCA-2N371... 05 
oscillator in short- , 


wave receivers, 


RCA offers a line of “DRIFT” TRANSISTORS specifically designed and controlled for operation 
in mass-produced electronic equipment at operating frequencies up into the VHF band. 


New horizons in the design of mass-produced equipment operating well into the VHF band are now practical 
with the commercial availability of RCA p-n-p “Drift” transistors. These transistors offer many excellent fea- 
tures to equipment designers. Some of these features are: low base resistance, low feedback capacitance, high 
alpha-cutoff frequency, controlled input and output impedances, and controlled power gain characteristics to 
insure unit-to-unit interchangeability. Design benefits are: high input-circuit efficiency, excellent high-fre- 
quency operating stability, good signal-to-noise ratio, good automatic-gain-control capabilities, and wide range 
of input signal levels. Additional features include high power dissipation and 
rugged mechanical construction. 

For superior-quality semiconductor devices, your best choice is always 
RCA. For sales information on these and other RCA TRANSISTORS, con- 
tact the RCA field Office nearest you. For technical data on specific RCA | __ 
“Drift” transistor types, write RCA Commercial Engineering, Sec. L-87-NN, 
Somerville, N. J. 


West: 6355 E. Washington Bivd. 
Los Angeles, Calif. RAymond 3-8361 


RADIO CORPORATION OF AMERICA 


Semiconductor Division Somerville, N. J. 1625 ''K"" Street N.W. 
Washington, D.C., District 7-1260 


RCA FIELD OFFICES 


East: 744 Broad Street, Newark, N. J. 
HUmboldt 5-3900 


RCA, 
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SARGENT 


HYDRAULIC 
PNEUMATIC 
MECHANICAL 
ELECTRONIC 


Sargent Systems of force control are backed by more 
than 37 years of experience building precision equipment 
to meet the increasingly high requirements of the aircraft, 


guided missile, petroleum, gear and machine tool industries. 


If your application of force control deals with aviation, 
marine, surface or subsurface movement, we invite you to 
send your requirements for the Sargent design, qualifica- 


tion and manufacturing proposal. 


= “GOOD WILL” is the 
disposition of the 

pleased customer to 
return to the place 
SS where he has 
eae been well treated. 
— U.S. Supreme Court 


Flandarid of Excellence Fince 1920 


Sargent offers ptional opportunities to 
engineers interested in design, develop- 
ment, qualification testing, and manufacture 
of advanced forced control systems. Send 
your resume i diately (in fid 


— ENGINEERING CORPORATION 
MAIN OFFICE & PLANT » 2533 E. FIFTY-SIXTH ST. 
HUNTINGTON PARK, CALIF. 


SYSTEMS 
CONTROL | 
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S3IAS News Notes 


December 1957 


NEW IAS PRESIDENT for 1958 is EDWARD C. WELLS, a Fellow of the 
Institute and Vice-President - Engineering, Boeing Airplane Company. He 
will take office at the Honors Night Dinner. Also elected by the Council 
are four new IAS Vice-Presidents: Neil Burgess, General Electric Company; 
General B. W. Chidlaw, USAF (Ret. ), Thompson Products,Inc.; L. Eugene 


Root, Lockheed Aircraft Corporation; and H.Guyford Stever, Massachusetts 
Institute of Technology. 


MISSILES AND SPACE TECHNOLOGY, playing the featured 
role in this year's IAS Annual Meeting, should draw large 
audiences among the technical sessions. The most stimu- 
lating discussion probably willoccur during the Missile De- 
velopment session - the Army, Navy, and Air Force will 
present papers on this subject in the same session. 


ANNUAL STUDENT CONFERENCES for 1958 are shaping up rapidly. Two 
dates already have been established - the Indianapolis Regional Conference 
will take place onApril 7; the Northeastern Regional Conference is scheduled 
for March 22 at Stevens Institute of Technology, Hoboken, New Jersey. 


IAS NATIONAL HEADQUARTERS LIBRARY has reduced the 
price of its photocopy service from $0.40 to $0.30 per article 
copied (members) and from $0.50 to $0.40 per article copied 
(nonmembers). Prices include postage. IAS SCRIP COUPONS 
may be used for payment. 


PROMOTIONS AND HONORS: Donald W. Douglas,Jr.(AF),has been elected 
President of Douglas Aircraft Company, Inc. The Senior Douglas remains 
Board Chairman and chief executive of the firm. James H. Doolittle (HF) 
and Clifford Furnas (F) have beenawarded Honorary Doctor of Engineer- 
ing degrees by the University of Michigan. Major General. Albert C. Boyd 
(F), 1955 Chanute Award winner, has retired from the Air Force. 


NATIONAL MEETINGS CALENDAR 


Wright Brothers Lecture, Natural History Building Auditorium, 
Smithsonian Institution, Washington, D.C. ''Hypersonic Flight 
and the Re-Entry Problem" by H. Julian Allen. 
1958 

Jan. 27-30 Twenty-Sixth Annual Meeting,Sheraton-Astor Hotel, New York. 

Mar.13-14 Flight Propulsion Meeting (Classified), Hotel Carter, Cleveland. 

May 12-14 National Midwestern Meeting onGuided Missiles, Hotel Chase, 
St. Louis, Missouri. 

July 8-11 National Summer Meeting, Los Angeles, California. 

Sept. 8-13 First International Congress, International Council of the Aero- 
nautical Sciences, Palace Hotel, Madrid, Spain. 
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JOINT MEETINGS CALENDAR 


1958 Nuclear Congress, International Amphitheatre, Chicago. 

Coordinated by Engineers Joint Council. 

National Telemetering Conference, Lord Baltimore Hotel, Bal- 
timore, Maryland. Sponsored by IAS, ARS, ISA and AIEE. 

1958 Heat Transfer and Fluid Mechanics Institute, University 
of California, Berkeley, Cosponsored by IAS. 


SECTION MEETINGS CALENDAR 


Rocky Mountain Section: Dinner Meeting in conjunction with 
IAS Student Branch, University of Colorado (Social at 6, din- 
ner at 6:30), Town House, E, Colfax Ave. and Peoria Street, 
Aurora. "Escape From High-Speed Aircraft" by R.H. Frost. 
Philadelphia Section: Dinner Meeting, Philadelphia Interna- 
tional Airport, Skyview Dining Room. (Social hour sponsored 
by TWA at 6:30,dinner at 7.) ''Some Factors in the Jet Trans- 
port Picture" by N. R. Parmet. 

Texas Section; Field trip, Chance Vought low-speed wind tunnel, 
Dallas, 9:30 a.m. 

Indianapolis Section: Tour of CAA Tech. Development Center, 
Indianapolis, 7 p.m. Donald M. Stuart is host. 

Los Angeles Section: Specialist Meeting, IAS Building, 7:30 
p.m. "High-Temperature Effects in Structures" by N.J. Hoff. 
Tulsa Section: Dinner Meeting and Field Trip, Douglas Air- 
craft Co., Inc., Electronics Lab. Dinner at 6:30, tour at 7:30. 
Hagerstown Section: Specialist Meeting, Washington County 
Museum of Fine Arts, 7:30 p.m. "The F-27 - Part Il. Panel 
Presentation on Engines, Fuel System, Air Conditioning, and 
Pressurization.'' Robert O. Snyder, Chairman. 

Chicago Section: Dinner Meeting, Glenview Naval Air Station, 
6:30 p.m. 'Water-Based Aircraft - The Martin SeaMaster and 
SeaMistress" by Guy Mallery. 

Atlanta Section: Dinner Meeting, U.S. Naval Air Station, 7:30 
p.m. "Army Airmobility Requirements" by Brig. Gen. Edward 
Tucker. 

Tullahoma Section: Specialist Meeting, 7:30 p.m. (place to be 
announced). ''Some Aspects of Nuclear Flight" by R.A. Thomp- 
son. 

Texas Section: Specialist Meeting, 8 p.m. (place to be an- 
nounced). ''Hypersonic Flight and the Re-Entry Problem" by 
H. Julian Allen. 

Texas Section: Specialist Meeting, Arlington State College, 
Arlington, Texas, 8 p.m. "Boundary-Layer Control" (speaker 
to be announced. ) 


Mar 
June 
June 19-21 
Dec, 3 
Dec. 4 
Dec. 7 
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Dec. 10 
Dec. 10 
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New high-temperature laminating resin 


EPON 1310 


... retains strength to 500° F. and beyond! 


The “problem child” of supersonic speed is HEAT— 
causing laminating resins to lose strength and stability 
rapidly when pounded with excessive temperatures— 


New Epon 1310 (formerly called Resin X-131) is 
the first epoxy resin to withstand 500° F. tempera- 
tures successfully. 


When used in glass cloth laminates, Epon 1310 
exhibits the long-term high-heat characteristics neces- 
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sary for satisfactory performance of missiles and su- 
personic aircraft. 


Epon 1310 is a new kind of epoxy resin, based on 
new chemistry. /t is unparalleled for all types of high- 
temperature applications. 


Perhaps Shell Epon 1310 or other Epon resins may 
be able to solve a design problem for you. For infor- 
mation, write us now. 


Epon resins are the epoxy polymers made exclusively by Shell Chemical Corporation. 


SHELL CHEMICAL CORPORATION 
CHEMICAL SALES DIVISION 380 Madison Avenue, New York 17, New York 


Atlante « Boston + Chicago + Cleveland + Detroit - Houston - Los Angeles - Newark + New York + San Francisco + St. Louis 
IN CANADA: Chemical Division, Shell Oil Company of Canada, Lid. - Montreal + Toronto + Vancouver 
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MANAGEMENT 


is known by the 
company it keeps 


Youthful, aggressive management has guided 
Rohr straight to the top within America’s 
great aircraft industry. Today, in addition to 
making over 30,000 different aircraft parts, 
Rohr shoulders a heavy responsibility to the future 


of flight in the field of new and vital structural components. 


Rohr management is proud of the company it keeps — 


' Rohr leads in high-temperature structure programs 
the company now famous as the world’s largest such as development and manufacture 


of brazed stainless steel honeycomb 


producer of ready to install power packages for airplanes. sandwich panel structure. 


WORLD’S LARGEST PRODUCER OF READY-TO-INSTALL \ POWER PACKAGES FOR AIRPLANES 


AIRCRAFT CORPORATION 


Main Plant and Headquarters: Chula Vista, Calif. * Plant: Riverside, Calif, « Assembly Plants: Winder, Georgia; Auburn, Wash. 
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IAS News 


A Record of People and Events 
of Interest to Institute Members 


Missile, Satellite, Gravity Sessions 
Scheduled for IAS 26th Annual Meeting 


M... PHAN 2,500 aeronautical scientists, engineers, and technicians will convene 
in New York for the Twenty-Sixth Annual Meeting of the Institute of the 


Aeronautical Sciences. 
January 27-30, 1958. 

Four ballrooms will be in use when 
some 25 technical sessions are conducted 
during the 4-day program. Sessions 
on missiles, earth satellites, gravity, 
and space propulsion are expected to 
highlight the conference, marking the 
beginning of the IAS second quarter 
century. (At last year’s Silver Anni- 
versary meeting, 97 technical papers, 
panel discussions, and special reports 
were grouped in 25 sessions.) 

More than one session has been 
arranged to cover certain fields of 
interest. Sessions will be held simul- 
taneously to present as much informa- 
tion as possible. 

W. Stuart Symington, U.S. Senator 
from Missouri and former Secretary 
of the Air Force (1947-1950), will be 
the principal speaker at the Honors 
Night Dinner on Tuesday, January 28. 

Mundy I. Peale, retiring IAS Presi 
dent, will be Toastmaster at the Honors 
Night Dinner. He will present the 
John Jeffries, Robert M. Losey, Syl 
vanus Albert Reed, Lawrence Sperry, 
and Grover E. Bell awards and announce 
the election of Honorary Fellows and 
Fellows, both American and _ foreign, 


for 1957. 


Session Chairmen 


Organizer and Chairman of the Earth 
Satellites session is Joseph Kaplan 
(AF), Professor of Physics, University 
of California, and Chairman, National 
Committee for the IGY. 

Of four sessions on Aerodynamics, 
one titled Hypersonic Aerodynamics 
will be headed by William R. Sears (F), 
Director, Graduate School of Aero 
nautical Engineering, Cornell Univer 
sity. Another will cover Propulsion 
Aerodynamics and a_ third, 
Aerodynamics. 


Design 


The conference will be held at the Sheraton-Astor Hotel, 


Missile and missile applications, to 
have a major share of the meeting, 
will be represented in a session on Mis- 
sile Development, organized by Abe 
Silverstein (F), Associate Director, 
NACA Lewis Flight Propulsion Labora 
tory; a session on Missile Guidance; 
and an Electronics session on Early 
Warning Systems. 

Chairman and organizer of the 
Gravity Session is Charles Tilgner, Jr. 
(AF), Chief Aeronautical Engineer, 
Grumman Aircraft Engineering Corpo 
ration. 

An Aeroelasticity session is being 
headed by Alexander Flax (M), Assist- 
ant Director, Technology, Cornell Aero 
nautical Laboratory, Inc. 

A session on Flight Safety is being 
organized by Jerome Lederer (F), 
Director, Flight Safety Foundation, 
Cornell-Guggenheim Aviation Safety 
Center. Dr. Lederer also is Chair- 
man of this session. 

Sessions on Rotary Wing Aircraft 
Dynamics and Rotary Wing Aircraft 
Design will be headed by Robert 
Loewy (M) and Robert Wagner, re- 
spectively. Mr. Loewy is Chief Dy- 
namics Engineer, Vertol Aircraft Corpo- 
ration. Mr. Wagner is Chief Engineer, 
Hiller Helicopters. 

Major Gen. Otis O. Benson, Jr., 
USAF (MC), School of Aviation Medi 
cine, Randolph AFB, is Chairman of 
the Aero Medicine session. 

Chairman of a session on Air Traffic 
Control will be David D. Thomas (M), 
Director, Office of Air Traffic Control, 
CAA. 

Rear Adm. Luis de Florez (F), USN 
(Ret.), Consulting Engineer, is Chair 
man of a session on Human Factors: 
Instrumentation Simplification. 

A session on VTOL/STOL Aircraft 
will be headed by Capt. Sydney 5. 
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W. Stuart Symington 


Sherby (AF), USN, Office of Naval 
Research. 

Major Vincent Haneman, Jr. (AF), 
USAF, Associate Professor of Aero- 
nautical Engineering, Wright-Patter- 
son AFB, is Chairman of a session on 
Education. 

One of three sessions on Structures 
will be headed by Walter Ramberg (AF), 
Chief, Mechanics Division, National 
Bureau of Standards. Structures 
High Temperature Effects and Missile 
Structures comprise two of the ses- 
sions. 


Management Panel 

A panel discussion, Engineering Man- 
agement—Long-Range Planning, has 
been organized by Edward A. Ledeen 
(M), Manager, Component Operations, 
Wright Aeronautical Division, Curtiss- 
Wright Corporation. Panel members 
will be W. B. O’Neal (M), Vice-Presi- 
dent, Hayes Aircraft Corporation; 
Garrett C. Covington (AF), Vice- 
President—General Engineering, Mce- 
Donnell Aircraft Corporation; R. L. 
Bortner (AF), Chief Engineer—Admin- 
istration, Republic Aviation Corpo 
ration; and William G. Purdy (M), 
Director, Systems Development Divi- 
sion, The Martin Company. Panel 
Moderator will be Joel M. Jacobson 
(AF), Vice-President and General 
Manager, Aircraft Armaments, Inc. 


TE O 
ES 
” 
UF ICAL 
; 


ELECTRICAL ENGINEERING & MANUFACTURING CORP. 


3-552 


on both jacks, this new EEMCO actuating system corrects the aircraft's stabilizer 


EEMOGO DELIVERS 


>, ...a completely new stabilizer 

W actuating system for one 

of the latest jet transport 
aircraft 119 days 

after receipt of contract! 


EEMCO EEMCO 
Motor and screw jack 
gear box Type D-976 


Type 0-981 


Again proving the advantage of specialization in the field of designing and produc- 
ing actuators and motors for aircraft and missiles exclusively, EEMCO takes pride 
in having assisted one of the large airframe manufacturers in the production of a 
new type jet transport aircraft in record time by supplying the EEMCO actuating 
system illustrated less than four months from receipt of order. 


Capable of handling a total operating load of 15,000 Ibs. in tension or compression 


in flight. It will operate many times during an average flight, therefore hundreds 
of thousands of operations will be performed during the life of the unit. Extreme 
reliability of the system was therefore a prime specification in the contract. 


The 28-volt motor is equipped with radio noise filter, magnetic clutch and brake, 
and an integral gear box with dual output shafts that drive the synchronized screw 
jacks at loads up to maximum capacity. Ultimate load on each jack, which is 
equipped with non-jamming stops, is 50,000 Ibs. tension or compression. The jacks, 
with a stroke of 8.25 inches at .3 inch per second at maximum load (15,000 Ibs.), 
are equipped with an auxiliary reduction for a control mechanism. 


The proven elements of this efficient EEMCO actuator system, motor with gear box 
and the jacks, can be adapted for other uses individually or in similar assemblies. 


Your inquiry is invited. 


SPECIFICATIONS 


Voltage: 28-volt DC 
Stroke: 8.25 inches 
Speed: .3 inch per sec. at maximum load 
Maximum load: 10,500 Ibs. on each jack, 
tension or compression 
Maximum system load: (both jacks) 15,000 Ibs. 
Ultimate load: 50,000 Ibs. on each jack, tension 
or compression — 100,000 Ibs. total 
Military Specs: Assembly designed to meet 
MIL-M-8609, MIL-A-8064 and MILrE-5272A 
Features: 1. Jacks are equipped with 
non-jamming stops. 
2. Single power unit drives the jacks 
at synchronized speed. 
3. Jacks are equipped with auxiliary 
reduction for a control mechanism. 
4. Motor has magnetic clutch and brake. 


4612 West Jefferson Boulevard, Los Angeles 16, California ° Telephone REpublic 3-0151 


DESIGNERS AND PRODUCERS OF MOTORS, LINEAR AND ROTARY ACTUATORS «++ EXCLUSIVELY! 
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Career Development Booklet 


For IAS Corporate Members 


The IAS Engineering Career Develop 
ment Committee has announced publica- 
tion of a handbook for Corporate Members 
designed to provide source information for 
development and improvement of educa- 
tional aid programs. 

The handbook has been prepared in 
loose-leaf form with a binder, with indi- 
vidual sections prepared by separate sub 
committees. These are in the following 
categories: background data, youth mo- 
tivation, aid at the primary and secondary 
school levels, and aid at the college and 
university level. 


Necrology 
Harold Gatty 


The Institute has received word of the 
death of Harold Gatty (AF) at Suva, Fiji 
Islands, on August 29. He was 54. 

Mr. Gatty flew around the world with 
Wiley Post in 1931 in the Lockheed Vega 
“Winnie Mae” and later collaborated with 
Post to write Around the World in Eight 
Days. He also wrote The Raft, an ocean 
survival handbook which was adopted 
by the USAF. 

Mr. Gatty founded an air navigators 
school at Los Angeles, Calif., and had 
designed several navigation instruments. 
Later, he headed the USAF navigator 
research and training. He also con- 
tributed to planning Pan American Air- 
ways’ trans-Pacifie routes. 

\ native of Tasmania, he served in the 
New Zealand and Australian Merchant 
Navy. He also served in the RAAF 
during World War IT and was later Direc- 
tor of Training, USAAF, in Australia. 

He formed Fiji Airways after the war 
and just before his death had completed a 
book on the value of natural observation 
in air navigation, 


Comdr. Jack J. Tomamichel 
USN (Ret.) 


News of the death of Comdr. Jack J. 
Tomamichel, USN (Ret.) (M), on June 24, 
has reached the Institute. He was 47. 

Commander Tomamichel had been an 
aeronautical engineer and Navy pilot 
He learned to fly as a Navy Student 
\viator at Pensacola, Fla., in 1935, after 
serving as a Naval officer on battleships 
for 2 years. From 1936 to 1939, he was a 
pilot in VF Squadrons assigned to the 
U.S.S. “Langley,” U.SS. 
and U.S.S. “Enterprise.” 

He received a degree in aeronautical 
engineering from the California Institute 
of Technology in 1942 and served as a 
Technical Officer (Aero) from 1942-1945 
in the South and Central Pacific theaters 
In 1945 he was named Superintendent, 
\eronautical Materials Laboratory, Phila- 
delphia, Pa. As a pilot he had accumu 
lated 3,000 hours in all types of Navy 
aircraft. 


“Lexington,” 


IAS NEWS 


In addition, the sections contain sum- 
maries of current activities of all Corporate 
Members and other major representative 
industries. A bibliography of current 
literature, periodicals, and active organ- 
izations in the technical manpower im- 
provement field also has been provided. 

The ECDC was created as a result of 
the 1955 West Coast Industry-Faculty 
Conference to study means of improving 
aircraft industry educational efforts. 


Edgar Schmued Forms 
Own R&D Firm 


Edgar Schmued, a Fellow of the Insti- 
tute and REview Editorial Adviser, has re- 
signed from full-time duties as Corporate 
Vice-President—Technical, Northrop Air- 
craft, Inc., to form his own research and 
development organization. 

Mr. Schmued will continue his associ- 
ation with Northrop as a consultant. His 
new firm will devote a large portion of its 
efforts toward military defense work 
The firm also will be diversified with sub- 
stantial work on commercial projects not 
confined to the aircraft field. 

A native of Hornsbach, Bavaria, Mr. 
Schmued came to the United States in 
1930 and is credited with many notable 
contributions to American air power. He 
began his aeronautical career during 
World War I and developed numerous 
advanced-design aircraft and weapons 
systems during World War II and the 
Korean War. 


Brooklyn Polytechnic Names Ferri 
Department Head 


Antonio Ferri (F), director of a Mach 14 
wind tunnel and designer of the air scoops 
on the F-105, has been named Head, 


Edgar Schmued 


Aeronautical Engineering Department, 
Polytechnic Institute of Brooklyn. 

Before World War II, Dr. Ferri was 
head of the supersonic wind tunnel at 
Guidonia, Italy, where later the world’s 
first jet plane (Campini) was designed. 
An underground fighter during the war, 
he was brought to the United States in 
1944 and assigned to NACA’s Langley 
Laboratory. 

Dr. Ferri joined Brooklyn Polytechnic 
in 1951 to found the special aerodynamics 
laboratory he now heads at Freeport, 
N.Y. He is currently performing ICBM 
research at this facility which contains 
two supersonic and two hypersonic wind 
tunnels. 

He is also a member of the Academy of 
Science of Turin and U.S. Representative 
to AGARD’s Combustion and Propulsion 
Panel. 


NEWS OF MEMBERS 


Anshal I. Neihouse (AF), Head, Lang- 
ley Aeronautical Laboratory Spin Tunnel, 
has been awarded the NACA Exceptional 
Service Medal for outstanding leadership 
in the development of spin research tech- 
niques and the art of predicting spin and 
recovery characteristics of aircraft 

> John B. Parkinson (M), Chief, Hydro- 
dynamics Research Division, NACA Lang- 
ley Aeronautical Laboratory, has been 
awarded the NACA Exceptional Service 
Medal for his analysis and experimental 
verification of the principle that high 
length-beam ratios improve hydrodynamic 
and aerodynamic characteristics of sea- 
plane hulls. Mr. Parkinson was awarded 
the first IAS Water-Based Aviation Award 
earlier this vear 

p> Charles H. E. Warren (AF), Principal 
Scientific Officer, Aerodynamics Depart- 
ment, Royal Aircraft Establishment, Farn 
borough, has been awarded a Common- 
wealth Fund Fellowship and will be at 


the Guggenheim Aeronautical Laboratory, 
California Institute of Technology, for the 
1957-1958 academic year. 


| Members on the move... . | 


This section provides information con- || 
cerning the latest affiliations of IAS |\ 
members. All members are urged to || 
notify the News Editor of changes as 
soon as they occur. 


Alfred Africano (M), formerly Head, 
Power Plant Design Department, Chrys- 
ler Missile Operations, Detroit, Mich., 
has joined the Guided Missile Research 
Division, The Ramo-Wooldridge Corpora- 
tion, Los Angeles, Calif. 

James R. Anderson (A), formerly East 
Coast Sales Engineer, National Water 
Lift Division, Cleveland Pneumatic Tool 
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Total deception is the special job of ECM... . Electronic Countermeasures. ECM tells the 
enemy where you're not and what you're not. It fences you from detection, alerts you to 


trouble. It blinds the enemy, shields you. » » ECM plays a disruptive role against all 


Ree es > . aggressive electronic action, smashes its pattern, draws a red herring across its search 
be ghise eee paths. » » ECM is a sophisticated system of defense designed to protect strategic 
Se a te aircraft at minimum risk. Without ECM our weapons systems concept is danger- 


ously modified. With it, the structure of our national defense becomes impregnable. 
» » In ECM, “the silent warfare of deception,” LMEE, leading producer of such systems in 


the free world, contributes another special competence to world peace. Write Dept. E 


Progress /s Our Most /mportant Product 


GENERAL @@ ELECTRIC 


LIGHT MILITARY ELECTRONIC EQUIPMENT DEPARTMENT 
FRENCH ROAD, UTICA, NEW YORK 


A DEPARTMENT IN THE DEFENSE ELECTRONICS DIVISION 
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(Co., has joined Thompson Products, Inc., 
as Eastern District Sales Manager. 


R. Harvey Anselm (M) has been named 
yew manager of Beech Aircraft Corpora- 
tion's Missile Engineering Division. He 
formerly served as Project Engineer and 
Weapon Requirements Engineer in the 
design, production, and testing of missile 
articles and remote-controlled target air- 
craft under Beech development. 

Lt. Col. Melville W. Beardsley (M), 
USAF, formerly Programing Officer, 
Directorate of Research and Development 
Pentagon), has been reassigned to ARDC 
Headquarters as Director of Aeronautics. 


Samuel M. Berkowitz (AF), formerly 


ON 


with Franklin Institute Laboratories for 
Research and Development, has joined 
Phileo Corporation's Government and 
Industrial Division as Executive Engineer 
in Air Traffic Control. 

William O. Boschen (A), Vice-President 
of Avien, Inc., has been named General 
Manager for the firm. Before joining 
Avien 3 years ago, he was Eastern Re- 
gional Manager of Minneapolis-Honey- 
well’s Aeronautical Division. 

R. A. C. Brie (AF) has joined the Tech- 
nical Department, Westland Aircraft 
Limited, Yeovil, Somerset, U.K. His 
former position was Official-in-Charge, 
Helicopter Experimental Unit, British 
European Airways Corporation. 

Frederick C. Durant, III, (AF), has 


been named Executive Assistant to the 
Director, Aveo Research Laboratory, 
Research and Advanced Development 


Division, Aveo Manufacturing Corpora- 
tion. Mr. Durant had been a. staff 
member of Arthur D. Little, Inc. 


J. Elmo Farmer (M_), formerly Technical 
Assistant, Allison Division, General Mo- 
tors Corporation, is now an Aeronautical 
Power-Plant Research Engineer in the 
Propulsion Systems Division, Lewis Flight 
Propulsion Laboratory, NACA. 

Marjorie Hecht (M), formerly with Ver- 
tol Aircraft Corporation, has joined Ka- 
man Aircraft Corporation as a 
engineer. 

C. G. Holschuh (M), President and 
General Manager, Sperry Gyroscope Com- 
pany, Division of Sperry Rand Corpora 
tion, has been elected a Director of the 
corporation by the Board of Directors. 


Comdr. H. J. Huester (AF), USNR, has 
been transferred from Jacksonville NAS 
Where he was Aeronautical Engineering 
Officer to a new post as Deputy Director, 
Aeronautical Structures Laboratory, 
NAMATCEN, Philadelphia, Pa 

George Kass (AF), who was Assistant 
Senior Project Engineer, Stratos Division, 
Fairchild Engine and Airplane Corpora 
tion, has joined Airborne Instruments 
Laboratory, Inc., Engineering and Pro- 
duction Division, as Staff Engineer, 
Mechanical Design. 

Lester G. Kelso (M), formerly Develop- 
ment Engineer, United Air Lines, Inc., 
has joined Boeing Airplane Company as 
Group Engineer, Preliminary 
Transport Division. 

Theodore W. Knacke (M), formerly 
Technical Director, USAF 6511th Test 
Group NAAS, El Centro, Calif., has 


design 


Design, 
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joined Aeronautical Equipment Research 
Corporation, A Division of M. Steinthal & 
Co., Inc., as Chief Engineer, West Coast 
Division, El Segundo, Calif. 

Milton Lief (M), Vice-President-Manu- 
facturing, American Fixture, Inc., St. 
Louis, Mo., has joined Cupples Products 
Corporation as Plant Manager in charge 
of all production. 

Charles H. Lutz (M), formerly head of 
design and development of stabilized 
platforms at Arma Division, American 
Bosch Arma Corporation, has joined 
United Aircraft Corporation, Hamilton 
Standard Division as Chief, Advanced 
Design, Electronics Department. 

Frank E. Marble (M) has been pro- 
moted from Associate Professor to Pro- 
fessor, Jet Propulsion and Mechanical 
Engineering, California Institute of Tech- 
nology. 

Erik Mollo-Christensen (1), on a leave 
of absence from Massachusetts Institute 
of Technology where he is Assistant Pro- 
of Aeronautical Engineering, has 
been appointed a Senior Research Fellow 
in aeronautics at California Institute of 
Technology. 

Robert H. Page (M), formerly Research 
Analyst, Esso Research and Engineering, 
Linden, N.J., has accepted a professorship 
in the Mechanical Engineering Depart- 


fessor 
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ment at Stevens Institute of Technology, 
Hoboken, N.J. 

Edward Pepper (AF) has joined The 
Ramo-Wooldridge Corporation as a WS- 
315A Program Engineer. He formerly 
was Project Engineer, Johnsville Naval 
Air Development Center. 

Robert Rautenstrauch (A) has resigned 
his position as Research Engineer, Cur- 
tiss-Wright Research Division to join 
Thompson Products, Inc., Jet Division as 
Technical Supervisor in Structures and 
Process Development. 

S. R. Sartore (AF), former Manager, 
Bell Aircraft Corporation, X-1A, X-1B, 
and X-2 Test Programs at Edwards AFB, 
has joined Lockheed Aircraft Corpora- 
tion’s Missile Systems Division as Man- 
ager, Airborne Systems Department, 
Sunnyvale, Calif. 

Carl F. Schory (M), after 27 vears as 
Service Manager, Hamilton Standard 
Division, United Aircraft Corporation, 
was officially retired September 30 and 
then named Assistant to the General 
Manager. 

C. H. E. Warren (AF), on leave from 
his position as Senior Member, Scientific 
Staff, the Royal Air Force Establish- 
ment, U.K., has been appointed a Senior 
Research Fellow in aeronautics at Cali- 
fornia Institute of Technology. 


© Aeroquip Corporation reports that its 601 
Lightweight Engine Hose and 624 Fire- 
proof Sleaving installed in an Aero Com- 
mander 680—S have exceeded CAA require- 
ments, giving three times the service life 
of the original hose application. The firm 
has published an engineering bulletin on 
the Aeroquip Hydrauliscope giving techni- 
cal data and other information. Write to 
the firm’s Advertising Department, Jack- 
son, Mich., for a copy of Industrial En- 
gineering Bulletin No. 24. John C. Abbey 
has been appointed Chief Engineer, Jack- 
son Engineering Department, to direct all 
development engineering activities. 

@ Allis-Chalmers Manufacturing Company 
has announced a new line of motor starters 
reported to be 2,300 to 4,160-volt Type H 
for full or reduced voltage starting, revers- 
ing or nonreversing, dynamic braking or 
multispeed control of squirrel-cage, and 
synchronous or wound rotor motors. 
Allis-Chalmers International has been 
formed as a major operating division. 

e Allison Division, General Motors Corpo- 
ration conducted an around-the-clock dem- 
onstration of its prop-jet engines and 
Aeroproducts Turbo-propellers in October 
according to the firm. <A military version 
of the Convair 340 was used as the test 
aircraft to provide engine and propeller 
flight-operating data to the military, com- 
mercial operators, and airframe manufac- 
turers. Allison model 501-018 prop-jet 
engine to be used in the Lockheed Electra 
has been certified by the CAA. 


e Aluminum Company of America has 
made a new aluminum-lithium alloy for 
aircraft structures said to withstand tem- 


peratures up to 400°F. The firm reports 
the rare earth produces the effect of in- 
creasing the modulus of elasticity of alu- 
minum alloys. The alloy is designated 
X2020. Alcoa also has announced the 
installation of four aluminum sand cast- 
ings, said to be the largest such assembly 
ever cast, in the heavy machining depart- 
ment of North American Aviation, Inc. 
Weighing more than 12.5 tons, it will be-, 
come part of a wing fabricating table. 
The firm’s Cleveland foundries have cast 
two mold back-up tire sections said to 
weigh 8 tons and measure 8 ft. 10 in. in 
outside diameter for Goodyear Tire and 
Rubber Company. I. W. Wilson has been 
elected Chairman of the Board, and Frank 
L. Magee named President of Alcoa. 


e American Airlines, Inc., has announced 
the election of Walter G. Conrad as Vice- 
President and General Manager, American 
Airlines de Mexico, $.A., and G. Marion 
Sadler, Vice-President, Customer Rela- 
tions, 


e American Steel & Wire Division, United 
States Steel Corporation has announced 
the following promotions: Maxwell D. 
Millard to Assistant Vice-President, Sales, 
Howard B. Maguire to General Manager 
of Sales, and Norman M. Sted to Central 
Area Manager of Sales. 


(Continued on page 64) 
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SINGLE BusHinc Type Floating Ring Seal 


NG 


wW—DETC EMBER, 19°57 


Seal Any Medium—Even Corrosive Media 
oe. with Koppers Floating Ring Seal 


MuttTIPLe Rinc Floating Ring Seal (assembled) 


FLoatinG RinG Basic 
Elements: Lantern Ring, Floating 
Ring, and Spacer Diaphragm. As 
sealing needs dictate, floating rings 
and spacer diaphragms are added. 
Seals are carbon, plastics, ceramics 
or steel, as applications require. 


The Only “No Maintenance” 
Seal for Rotating, Oscillating 
and Reciprocating Motion 


Koppers’ precise, efficient Floating Ring 
Seal assures long seal life, low leakage, 
reduced wear, less power consumption, 
and decreased operating costs. 

It seals at high temperatures and at 
pressures up to, and for some conditions 
even above, 2000 psi. Inspection has 
shown that after 10,000 hours of opera- 
tion, ring and spindle wear can be 
negligible. For water at 500° F. and 1200 
psig with a %” spindle, leakage is only 
one to two pounds per hour. Frictional 
power requirements are virtually zero, 
and Koppers’ design reduces radial 
frictional restraint. Sealing members 
adapt to changes in the shaft’s position. 

Applicable to valve spindles, pumps, 
atomic reactor spindles and many other 
similar installations, Koppers Floating 
Ring Seal gives efficient, low-cost service 
for the sealing of all types of fluids under 
widely varying conditions of temperature 
and pressure. 

For additional information, write to: 
Koprers Company, Inc., Piston Ring 
and Seal Department, 2212 Hamburg 
Street, Baltimore 3, Maryland. 
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Pressure Wave Collapse 
Scavenges Engine Cylinders 


@ A Swiss-patented design for an ex 
haust-gas-turbine supercharger involves 
the scavenging of the exhaust gases and 
the supercharging of the intake air of 
multicylinder, internal-combustion en 
gines. The design, patented some time 
ago by Alfred Buchi, is of interest since 
the more efficient the scavenging proc 
ess, the greater the charge of fuel and 
air taken into the cylinder for the sub 
sequent cycle. 

Buchi’s patent specifies that the ex 
haust gases of the engine be ducted to 
the exhaust-gas-turbine supercharger. 
A pulsating pressure wave is created in 
front of the exhaust-gas turbine at the 
beginning of the exhaust period of each 
cycle. The sudden collapse of this 
pressure wave creates a suction effect 
upo.. the higher-pressure exhaust gases 
within the cylinder, and the cylinder is 
thereby scavenged. The exhaust gases 
are then ducted to the exhaust-gas tur- 
bine, which drives the compressor and 
produces the supercharging effect. 

It is reported that the patent de 
scribes the device for carrying out this 
process, but descriptive details are not 
available, 


Ceramic Rotor Blades 
Made by West German Firm 


@ Since before World War II, a West 
German firm has been doing fecaai 
work on ceramic materials for turbine 
blading, 

In a patent filed a few years ago in 
London, the specification described the 
dimension finishing of ceramic blades by 
machining a sprayed-on metallic coat 
ing, applied after the root section is 
fired. Since this technique was found to 
have certain disadvantages, the firm 
continued to work on the problem and 
filed for a new patent in mid-1955, 
which outlined a new processing tech 
nique in a new application. This speci 
fication suggests that the blade root 
be coated with a foamy ceramic which 
may be applied before the blade is fired. 
This protective layer on the seating sur 
faces absorbs any sudden, dangerous 
stresses on the blade and wears into a 
suitable area of support. The porous 
layer also impedes the flow of heat to the 
rotor disc. 


We 


According to the manufacturer, 
Maschinenfabrik Augsburg-Nuenberg, 
the blades are intended for use in sta- 
tionary gas turbines. 


Metal Deformation Studied 
by Two Soviet Researchers 


@ Exploring the failure of metals at 
temperatures to be expected in super 
sonic flight, two Russian scientists con- 
clude that failure is not immediate 
that the development of cracks leading 
to failure is progressive and time con- 
suming. The researchers, Yakov B. 
Fridman and T. K. Zilova, also found 
in their series of tests that nonuniform, 
local deformation is absent until there 
are visible cracks, and both local and 
general deformation occur as_ these 
cracks propagate. They believe that 
examinations of fractured specimens 
can only lead to highly erroneous con 
clusions because local deformation oc 
curs after failure has started. And 
they feel that, just as increasing impor 
tance has been placed on determining 
the start of plastic deformation, in 
creasing significance should also be as 
signed to determining the start of fail 
ure. 

These conclusions were presented in a 
paper titled “On the Process of Failure 
in Plastic Metals,” which reported the 
results of tests using 40KhNMA in 
several conditions of heat treatment. 
The Russian researchers studied the de 
formation at three stages: (1) before 
there were visible cracks, (2) after the 
cracks became visible, and (3) after 
final failure. 

In these tests, it was recognized that 
determining the precise grain boundary 
between elastic and plastic deformation 
is extremely difficult. (This value is 
usually approximated—for example, by 
a 0.02 per cent yield strength.) The 
equally difficult problem of determining 
the start of failure was approached by 
means of torsion and bending tests with 
specimen on which a grid was drawn. 
The tests were interrupted from time to 
time, and the surfaces of the specimen 
were inspected at about 27 magnifica- 
tions. 

In the United States, emphasis has 
been on the “first appearance of 
cracks”’ in fatigue testing, where various 
crack-detection methods are used—for 
example, magnetic tests. The idea of 


23 


| 
| 
| 
1 PROFESSIONAL NOTES AND REPORTS 7 
| 


Engineering and Scientific Briefs from Correspondents Around the Globe 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


combining crack detection with the use 
of a grid to study nonuniform deforma 
tion is new. 

This Russian research was done sev- 
eral years ago, both of the researchers 
having been active in the Soviet science 
world for a number of years. 


French Propose Study 
of Scatter Propagation 


@ In recent years, a French firm has 
made a special project of the study and 
exploitation of tropospheric scatter 
phenomena for point-to-point communi 
cations. The company is responsible 
for the idea of a carcinotron transmit 
ter, radiating 200 watts in the 4,000-me. 
region, which, when used with a sensi 
tive, wide-band receiver and two 28-ft. 
parabolic antennas, establishes a 200- 
mile propagation path. By sweeping 
the carcinotron across several tens of 
megacycles, the transmission-band char- 
acteristics can reportedly be studied dy- 
namically and in detail. Current status 
of the project is not known, but, if 
French expectations have materialized, 
it should be paying off dividends 
this time 


Vietnam Expanding 
Meteorology Facilities 


The Directorate of Meteorology of 
Vietnam has announced that it plans to 
establish a Meteorology and Geophysics 
Center at Tan Son Hoa (near Saigon) 
during 1957-1958. This new installa 
tion will include a radio-sounding sta 
tion, a station to study earth physics, a 
technical training course, a meteorologic 
observation section, and a section for 
testing and repairing technical appara 
tus. This center will also include a 
geophysical observatory and will be 
fitted with up-to-date equipment for 
magnetic, actinometric 
studies. 

In addition, it is planned to re-estab 
lish seven meteorologic stations—one 
each at Kontum, Hon Khoai, Bong Son, 
Chau Doc, Mui Nay, Mui Dinh, and 
Tien Sa—and to commission five vessels 
for meteorologic research and weather 
reporting. Last year, 
were established for recording rainfall, 
and weather stations were built and 
equipped at Phan Thiet, Quang Ngai, 
Phu Quoc, and Ca Mau. 


seismic, and 
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EDITORIAL 


By the addition of a few simple lines, 
the Institute’s traditional ‘‘trade-mark”’ 
has been given new meaning— 
many new meanings. Some people 
see in it a system of mathematical 
coordinates or a set of conventional 
centerlines. Others see a missile or 
a rocket (from the south end, going 
north). Still others have said, ‘Ah, 
Sputnik!’ Whatever the individual 
reaction, intent is to indicate that 
our interests extend into areas far 
beyond the confines of classical 
aerodynamics, as pointed up in the 
accompanying Editorial. 


Zero to Infinity 


N. aeronautical events (including Kitty Hawk and 
Lindbergh's Atlantic crossing) have had such impact on 
human imagination as the recent Russian space flights 
To the “man in the street’’ of America, they seem less 
the evidence of great scientific achievement than a threat 
of vague new dangers. After recovering from the 
momentary dismay of having been outsmarted at our 
own game by the Other Team, however, we believe that 
these things will, in the long run, prove more useful 
than damaging tous. (Already, Research and Develop 
ment funds, cut heavily by the former Secretary ot 
Defense, have been restored.) 

We do not intend to take part here in the controversy 
of who is to blame for not getting ours up first. This 
falls into political rather than scientific areas. We 
leave that to our more vociferous brethren. We hav« 
no need to peddle our papers by stirring up already 
muddied waters. Least of all do we discount in any 
degree the prodigious technical and scientific effort 
behind the Russian rocket programs. The implications 
are clear and are profoundly disturbing. We know 
the requirements. We are well aware that things do 
not come about by accident. They cannot be created 
by politicians simply for ‘front’? or propaganda pur- 
poses. As one rocket enthusiast said in a_ technical 
article a few days before Sputnik I appeared: ‘Putting 
a satellite in orbit is a ticklish proposition.’’ This may 
be so, but the fact remains, it has now been done—and 
more than once! 


If there were any lingering doubts in anyone's mind 
as to the technical capabilities of the U.S.S.R., such 
can no longer exist. There can be no question at all 
that the Russian program is directed by some of the 
best scientific minds in the world. These men are 
backed up by a large body of thoroughly competent 
mathematicians, research workers, and engineers, and 
their work is implemented by first-rate computing, 
research, testing, and manufacturing equipment. Behind 
all this is a long-range educational program reaching 
far down to the elementary schools designed to develop 
maximum interest and outstanding talent in scientific 
and engineering fields. There is an excellent account 
of the importance of science and engineering in the 
Soviet educational system in the October 18 issue of 
U.S. News and World Report. 

From the technical and scientific viewpoint, the main 
consideration under the circumstances in which we 
presently find ourselves is to avoid any panic-induced 
deviation from our own long-range programs in support 
of our basic national interests. It would be unfortu- 
nate indeed if pressure from politicos and PRO’'s to 
produce immediate answers would cause us to make 
premature attempts to regain our position in the eyes 
of the world by firing off something that was not ready 
We can’t afford to dawdle, but, at the moment, 
we have much more to lose from spectacular failures 
than we have to gain by spectacular successes. We 
can’t afford a “‘Dud-nik’’! 
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We know that our technical and scientific foundations 
ye sound. It is doubtful that there exists anywhere 
inthe world any body of the competence and experience 
represented in the United States research community 


nd in the U.S. aircraft and missile industry. They 
have been working together for a long time. We also 


ye particularly proud to have played an active role. 
We have been in a favorable spot to sense and to antici- 
pate trends in developments. Within the limits im- 
posed by national security, we have made technical 
material in the most advanced areas available to our 
For 25 years, your Institute has been the 
forum in which the scientific ideas behind our missile 
and satellite programs have been discussed and evalu- 
ated. The theories that have been developed in IAS 
meetings in the past decade have provided the solid 
foundation on which present-day missile and space- 
craft flight concepts are based. 

The JOURNAL OF THE AERONAUTICAL SCIENCES has 
often been accused of being too “‘long-haired”’ for the 
erage engineer. 


members. 


But we are dealing with very compli- 
cated matters which cannot be reduced to simple terms. 
li you look back through the issues of the past 10 years, 
you will find that the people who are doing outstanding 
work today in missiles, rockets, and space vehicles have 
published their findings and their theories (and are 
still doing so) in the JOURNAL. For example, the tech- 
nical editor of a new publication specializing in space 
fight problems pointed out in an article in a recent 
issue that one of his earliest papers on the subject was 
published in the Institute's JOURNAL for August, 1947 
“The Problems of Escape From the Earth by Rocket”’ 
by Malina and Summerfield). 
be multiplied many times. 


Such examples could 


In order to determine whether we have been antici- 
pating today’s requirements in our meetings’ programs, 
we have made a detailed analysis of some 342 technical 
papers presented in the nonspecialized Regional Meet- 
ings of the Institute during the past IS months. We 
have classified each with respect to its application to 
the five categories of aerial vehicles in which we are 
interested—e.g., Aircraft, Missiles, Rockets, Satellites, 
and Spacecraft. Of the lot, 154 papers (approximately 
15 per cent of the total) had direct application in the 
fields of Missiles, Rockets, Satellites, and Spacecraft. 
Many of them dealt with the specialized electronic de- 
vices and other accessories needed for their guidance 
and control. A similar review of nonspecialized Na- 
tional Meetings yields results of the same order. About 
+0 per cent of the papers presented have direct bearing 
on Missiles, Rockets, Satellites, and Spacecraft and 
In addition, the National 
Flight Propulsion Meetings, which have been held each 
March for the past 10 years in Cleveland (with NACA 
cooperation), have latterly tended to center attention 
almost exclusively on missile and rocket problems. 
Out of these classified (SECRET) meetings have come 


their ancillary equipment. 


some of the most far-reaching and important papers 
produced on these topics. They have been distributed 


to industry by ASTIA on a _ need-to-know basis. 


Altogether, something of the order of 350 first-rate 
scientific and technical papers on missile and rocket 
matters have been presented under IAS auspices in 
the past year and a half. 

More and more frequently, particularly in the missile 
and rocket fields, the Institute conducts classified 
conferences closed to general attendance at both na- 
tional and regional levels. These conferences range 
from specialist meetings to national meetings. For 
such meetings, the attendees must meet strict security 
requirements—including certification of personal clear- 


ance and need-to-know—by their own organizations 


and the cognizant military authority. Special arrange- 
ments always made under official supervision at the 
meeting place guarantee security of the discussion, 
both in physical arrangements and proper identification 
of participants. 

REVIEW readers also know that an increasing per- 
centage of the more engineering-type paper is devoted 
to such subjects. Unfortunately, many worth-while 
papers on specific applications are still classified and 
cannot be published. These are carefully followed up 
for treatment as soon as they can be released by proper 
authority. We virtue in so-called ‘“‘scoops”’ 
which teeter dangerously over the line of national 
security. 


see no 


Indexing, cataloging, and abstracting (by the REVIEW 
and Library staff) of thousands of articles from the 
scientific and engineering publications of the world is 
an important monthly contribution. Partial support 
in this effort is provided by ARDC-USAF. The sub- 
ject matter of these Reviews covers every area of science 
and engineering. Current interest in Missiles, Rockets, 
Satellites, and Spacecraft is reflected in the increasing 
number of items appearing in these categories in each 
issue. 

It has always been IAS policy in arranging its pro- 
grams and in editing its publications to keep ahead of 
the requirements of its members (see the Editorial 
“The Job Before Us,” July, 1956, Review). We have 
been fully aware that emphasis has been shifting in the 
past few years from subsonic to supersonic, from air- 
breather to self-contained engine, from air-borne to 
space We have never considered that the 
interest of our members stopped where the atmosphere 
thinned out to the point where wing-supported flight 
became impossible. 


vehicle. 


We see no basis for the argument 
that there is any essential difference between Aero- 
nautics and Astronautics. The latter is only a part of 
the larger whole. Aeronautical Science embraces the 
flight of any vehicle that leaves the surface of the earth 
and goes anywhere, by whatever means. No one could 
argue that the interests and researches of the National 
Advisory Committee for Aeronautics or the Navy's 
Bureau of Aeronautics should be limited to altitudes 
below 100,000 ft. Institute of the 
Aeronautical Sciences, we will continue to serve (in a 


And so, as the 


strictly nontheological sense) the interests of our mem- 
bers at all altitudes from Zero to Infinity. 
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An Outline of Things to Come 


Traffic in the sky is getting faster and holler—-with no limits in sight. 
merely lo the ability of matertals to withsland speed and heat. 
Vore than a 


hy lore 


they become a production line product. 


I OMORROW’S air weapons systems cannot be built 


with today’s manufacturing technology. We have 
designs right now that cannot be produced and mat 
rials that cannot be utilized effectively. We must dé 

velop manufacturing processes and equipment to tur 
these new materials and advanced designs into pro 
duction parts. 

With ever-increasing flight speeds, aircraft and mis 
siles structural components encounter the ever-inerea 
ing temperatures of the “thermal thicket.” Even to 
day the external surfaces of our new aircraft must with 
stand temperatures of 600 to SOO0°F. Tomorrow thes« 
temperatures will be even higher. Within the aircratt 
body there are many sources of even more intens« 
heat, such as the engine, which create temperatures 
higher than those in your backyard bonfire. New heat 
resistant materials must be used. 

We are not eliminating our old friend aluminum 
from future aircraft--we are adding titanium, stain 
less steel, beryllium, tantalum, tungsten, and other 
high-temperature-resistant materials to the design 
engineer’s family. Merely possessing a new material 
does not help us produce superior performance ait 
craft. There is a big step from being the laboratory 
curiosity, such as aluminum once was, to everyday 
use by the aircraft fabricator. Somehow we must 
bridge this gap between the laboratory curiosity o1 
breadboard model and the production line product. 

Manufacturing methods bridge this gap. The Ai 
Force responsibility for developing production lin 
manufacturing methods and equipment lies with the 
Manufacturing Methods Branch (MCPBM), Industrial 


The authors are, respectively, Chief and Technical Assistant, 
Manufacturing Methods Branch, Industrial Resources Division, 
Directorate of Procurement and Production. 


Bult the rate of further progress ts not locked 
1 significant factor ts the time lapse until 


sheel of “dream” metal, rolled in the laboratory, ts necessary 
arrival of the Tomorrow with which this report is concerned. 


Resources Division, Air Materiel Command, Wright 
Patterson Air Force Base, Ohio. 


MIANUFACTURING METHODS BRANCH 


The Manufacturing Methods Branch programs are 
aimed primarily toward anticipated manufacturing 
problems of 1 to 5 or more years in the future. We 
would much rather prevent fires than exhaust our- 
selves in putting them out. Although we often must 
attack current manufacturing bottlenecks, we feel 
aliss at not having anticipated such bottlenecks sooner 
and thus prevented the fire. We try to anticipate the 
requirements of the weapons systems designers even 
before such requirements have been formulated in 
their own minds. This business of ‘‘out-dreaming’’ the 
designer requires considerable ingenuity and courage 
if processing and production requirements are to be 
met. 

In addition to providing direct support for many 
programs, the Manufacturing Methods Branch strives 
to be a focus for manufacturing methods knowledge. 
To be a focus of knowledge is not to be a repository of 
knowledge but rather a directory which helps the pro 
duction engineer locate the information desired. 

In fulfilling its mission, the Manufacturing Methods 
Branch utilizes some 30 technical engineers with many 
years of industrial and governmental experience in 
various specific areas of responsibility. These engi 
neers consider about 300 ideas each year from which 
some 30-40 result in new contracts. We feel that our 
contractors become temporary members of our 
team such that we have some 200-800 engineers lend- 
ing their full efforts to our manufacturing methods 
development efforts. For functional convenience the 
Branch is divided into four operating sections: Basic 
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Col. John N. Dick and Lt. Col. Preston L. Hill 
Air Materiel Command, USAF 


Industry, Machine Tools, Electronics, and Methods 
Engineering. 


Basic Industry Section 


The Basie Industry Section is concerned primarily 
with the functions of casting, rolling, forging, and ex- 
truding metallic materials. 

Remember, every piece of metal in use today was 
born a casting; even the lowly pig iron is the ancestor 
of the highest powered steel. Basically, the casting 
process offers the best chance to produce a part in the 
rough which will be the closest possible approximation 
of the finished piece. Many parts may be held to such 
close tolerances in casting that the only machining re- 
quired will consist of drilling a few bolt holes and, pos- 
sibly, facing off mating surfaces. Such castings reduce 
the amount of machining, reduce the waste of scrap 
metal, and may eliminate many hand operations in 
forming finished parts. For example, a landing-gear 
door has been made as a one-piece magnesium casting, 
replacing 55 aluminum stampings held together with 
over 1,600 rivets. 

Although much remains to be done to improve the 
state-of-the-art of casting, we already have steel cast- 
ing alloys which possess a strength of 200,000 psi and 
are working toward the 300,000 psi range. We are 
endeavoring to improve the casting of titanium so as 
to produce consistently homogeneous ingots of the 
newer high-strength titanium alloys free of contamina- 
tion. We also are studying the possibility of casting 
beryllium which, at the present time, can be prepared 
only by the powder metallurgy method. 

How do we ensure that our cast metal is free from 
undesirable that it in not 


contaminate the atmosphere and its surroundings? 


elements and turn does 


We will require advanced equipment and techniques 
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such as the vacuum furnace, the consumable electrode 
vacuum melting furnace, the electron beam furnace, 
and others yet to be dreamed of. 

As the aircraft of the future fly faster and faster, so 
must the materials going into their structure be tougher 
and more heat resistant than the commonly used 
aluminum of today. The use of these stronger and 


more heat-resistant materials, such as the stainless 


steels, imposes more severe weight penalties on the de- 
signer and fabricator. For example, the designer spe- 


cifies the minimum thickness steel sheet will 


However, in 
actual fabrication, the use of steel sheet with the pres- 


which 
provide the structural integrity desired. 


ent commercial thickness tolerance on a wing surface 
of 4,800 sq.it. imposes almost 2,000 Ibs. of excess 
weight. How would the aircraft 
have if this excess steel weight were available as fuel! 


much more range 
Programs are either under way or being studied to de- 
velop methods and processes to produce homogeneous 
titanium and stainless steel sheets to thickness toler- 
ances of 2.5 per cent or less. Beryllium, still only a 
dream metal for aircraft use, has been rolled into sheet 
form in the laboratory. Now we must develop meth- 
ods for consistently and safely rolling high-quality 
beryllium sheet in large quantities. 

As with casting and rolling, we find new problems in 
forging and extruding new titanium, stainless steel, 
and beryllium alloys. Unfortunately, these materials 
do not have the same forging and extrusion character- 
istics as the well-known aluminum: processing tem- 
peratures are much higher, scale formation is severe, 
detrimental gaseous impurities are absorbed from the 
atmosphere, and serious variations occur between the 
transverse and longitudinal properties of fabricated 
parts. 

Possible solutions to the varying problems lie in the 
use of new die materials, new die designs, new forging 
and extruding lubricants, protective coatings for the 
hot billets, controlled atmospheres, and new forging 
and extruding techniques such as the use of explosives 
to create extremely high deformation rates. Perhaps 
we will find our entire casting and forming operation 
performed in a large vacuum chamber, such as a large 
sphere of the type now used to contain nuclear reactors, 
complete with automatic controls. 

Complete success in our Basic Industry projects 
would eliminate many machining operations. How- 
ever, we do not expect complete success, and, even if 
such were attained, there are still many machining 
operations required. The development of techniques 
and equipment to perform these required machining 
operations is the function of the Machine Tool Section 
of this Branch. 


Machine Tool Section 


Aluminum is one of the easiest metals to machine. 
Working with this old stand-by is like working with 
modeling clay, whereas machining the newer high- 
strength heat-resistant materials is like substituting 
hardened cement for the soft clay. Current tech- 
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ITANIUM FABRICATION SUMMARY 


R J-65 ENGINES 


[EXTRUDED | [ SHEAR | RADIAL 
SHAPES | SPINNING | EXTRUSION 
mgenor 23 
ROUGH 
WEIGHT 74 \bs 27 744 
NEIGHT 
AVING 
COST 
SAVINGS 83,557 2,811 $15,420 $21,788 
Fic. 1 


nology permits cutting speeds on these newer mate 
rials to be less than 1 per cent as fast as cutting speeds 
for aluminum. Machining the increased quantities 
of high-strength heat-resistant alloys by current con 
ventional methods is estimated to require at least 
four to ten times the machines, floor space, and man 
hours now required for the aluminum alloys. It is 
unlikely that we can afford the luxury of using con 
ventional low-speed cutting techniques. We must ex 
plore the possibility expressed by the Salomon theory 
that there exists a speed range, much higher than the 
speed range used in conventional machining operations, 
where there is increased tool life and lower cutting tem 
peratures rather than a decrease in tool life and higher 
cutting temperatures. What 
will be, we do not know. It may be necessary to use 
entirely new techniques to achieve cutting speeds 


these cutting speeds 


fantastically far beyond those used even in machining 
aluminum. All we can say is that we must push ahead. 

Of course, it would be desirable to eliminate cutting 
operations entirely, especially when costly new alloys 
are involved. Many possibilities exist for the use of 
roll forming techniques by which metal is caused to 
flow into the proper shapes rather than be removed. 
When combined with precision extrusions and/or pre 
cision forgings, the greatest savings in material waste 
will be attained. A recently completed contract with 
Curtiss-Wright has demonstrated the significant savings 
attainable by combining precision extrusion with a 
modification of roll forming instead of using conven- 
tional forging and machining in the production of parts 
for the J-65 turbojet engine (Fig. 1). 

In addition to the conventional cutting-type ma 
chining operations, “‘chipless machining’’ methods have 
been developed for removing stock from a workpiece 
without producing a chip. Among the processes in- 
cluded in ‘“‘chipless machining’ are chemical milling 
electrogrinding, electrospark machining, electrolytic 
milling, and ultrasonic machining—each of which uses 
one or more mechanical, chemical, or electrical phe 
nomenon to effect the removal of metal from the work 
piece. 

Chemical milling uses chemical action to remove 
Although 
the initial and most predominate application of this 
process has been on aluminum, present development 


metal from deliberately exposed surfaces. 
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work by private industry is extending the application 
of chemical milling to ferrous and titanium base alloys, 
Chemical milling is an example wherein industry has 
developed a technique without direct Government 
funding or monitorship. In this case the Manufac- 
turing Methods Branch maintains surveillance so as 
to ensure that the present pace of development and 
dissemination of information is satisfactory. 

The electrolytic process in its most basic sense is a 
refinement of chemical milling. In this process an 
electrical current is used to aid the chemical etchant in 
removing the metal from the exposed surface. 

It is in the area of electrospark machining that the 
future of machining metals looks the most promising, 
There appears to be no limit to the characteristics of 
the process the harder the metal, the better the per- 
formance of the electrospark machining process. In 
this method there is little or no relative motion be- 
tween the workpiece and the “cutting’’ tool. The so- 
called cutting tool is actually an electrode which serves 
to generate the desired workpiece contour by pulsating 
discharges of electrical energy which progressively 
disintegrate the surface of the workpiece. 

Regardless of the application, wherever relative 
motion between the workpiece and the working tool is 
required, there is a possibility of using numerical con- 
trolled machine tools. Numerical control is the guiding 
of the working tool over the workpiece, without human 
intervention, by a series of instructions in the form of 
electronic impulses which were previously recorded in 
numerical code on film, magnetic tape, punched cards, 
or punched tape. 

Originally conceived and sponsored by industry, 
further development was sponsored and monitored by 
the Manufacturing Methods Branch starting early in 
1949. By the end of 1955, many machine tool builders 
were showing a strong competitive attitude regarding 
machine tools augmented with numerical control. 
Present development programs sponsored by the Air 
Force are primarily confined to the future development 
of data programing systems to augment the original 
project work and to apply the techniques to additional 
areas, such as die sinking machines. Among the many 
benefits obtained from numerically controlled equip- 
ment are decreased setup time, increased accuracy of 
dimensions, convenient storage of skills, rapid inter- 
changeability, elimination of human error, increased 
machine utilization, and the possibility of less material 
scrap. The advent and production availability of 
numerically controlled equipment has been of such im- 
portance that one of the major aircraft producers ex- 
pressed his feelings in this fashion: ‘‘Within the life 
span of our company, there has been no other com- 
parable radical manufacturing improvement.”’ 


Electronics Section 


With 50 per cent of the Air Force procurement dollar 
buying electronic equipment and components, the 
Electronics Section of the Branch has a great responsi- 
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The Electronics Section has the common ob- 


bility. 
iectives of increased producibility for any individual 


item, improved manufacturing techniques including 
miniaturization, and improved process equipment. 
However, in no other section is the requirement for re- 
liability quite so strong. How reliable must any par- 
ticular electronic component be? From the laws of 
probability we know that, if there are ten components 
joined together,*each of which is 90 per cent reliable, 
the system using these ten components is only 35 per 
cent reliable. By the time we place several thousand 
components in a missile penetrating to the outer limits 
of the earth’s atmosphere and encountering hitherto 
unknown environmental conditions, reliability of each 
component must go far beyond the dreams of yester- 
day. 

Satisfying the requirement for reliability of the 
finished electronic system is being attacked two ways: 
by producing more reliable individual components and 
by developing techniques for predetermining the reli- 
ability of any single component or system. Missiles 
streaking at high supersonic speeds through space are 
subject to severe shock, vibration, and temperature 
conditions hitherto unencountered. Ordinary glass 
or metal receiving tubes, no matter how ruggedly built, 
still fall short of the designer's requirements. Ceramic 
electron tubes have been developed which perform 
satisfactorily at temperatures of 500°C. (932°F.) and 
withstand shockloads of 1,000g. These tubes are so 
reliable that they can be permanently wired into the 
electronic system circuit, eliminating the necessity for 
tube sockets with their attendant unreliability. 

These ceramic receiving tubes, in addition to being 
highly reliable, are designed for. automatic mechanized 
assembly with a minimum of hand labor. This design 
utilizes the principle of stacking self-jigging ceramic 
units into small subassemblies. Similar techniques are 
being pursued in the direction of cheaper and more 
reliable electronic relays, capacitors, resistors, and 
other components. 

Predetermining the reliability of components be- 
comes a nightmare for the fabricator of a missile which 
must travel 5,000 miles to a target without failure. 
Present testing techniques depend upon. statistical 
probability determined from destructive testing. Per- 
haps the statistics show that only one part in one million 
will be unreliable, but this does not solve the fabrica- 
tor’s nightmare of determining which is that one part 
that is unreliable. Therefore, we are irying to de- 
velop nondestructive tests which will indicate in ad- 
vance the one unreliable part in a million so that the 
fabricator will know for certain that he has installed 


good parts throughout his vehicle. 


Methods Engineering Section 


Last is the Methods Engineering Section which will 
catch almost any problem thrown to them. This sec- 
tion covers such varied projects as improving the re- 
liability of reinforced plastic laminates through the 
study of processing and other variables; the develop- 
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Fic. 2. Automation assembly of honeyeomb core sandwich. 


ment of extremely high temperature aircraft glazing 
materials; the production of exotic high energy fuels; 
improving methods for making  high-temperature- 
resistant sandwich materials; sheet metal forming; and 
establishing design criteria for materials including 
formability, weldability, machinability, as well as the 
standard strength properties. 

Inexpensive, reliable, high-strength, heat-resistant 
sandwich materials might well be a serious rival in 
many areas for castings, forgings, extrusions, and other 
similarly fabricated parts. This is especially true in 
the temperature ranges wherein aluminum and mag- 
nesium are becoming marginal in useful strength. Of 
course, at some temperatures it will be necessary to 
convert from these extreme lightweight metals to the 
The use of titanium or 


steel as sandwich provides the strength required with- 


more dense titanium or steel. 


out the penalty of excess weight such that steel sand- 
wich may well be used competitively at far lower tem- 
peratures than otherwise would be the case. How- 
ever, sandwich will not be fully utilized until its price 
is reduced from several hundred dollars per square 
foot to only a few dollars a square foot. Several ideas 
are being investigated (one is depicted in Fig. 2) for the 
automatic production of sandwich material with high 
strength and heat resistance yet at a very low cost. 
Such a machine has operated on a semilaboratory 
scale but has yet to be placed into production scale 
operation. 

In addition to developing new or improved techniques 
and equipment, the Branch often has provided a do- 
mestie source of critical military items which hereto- 
fore have been obtainable only from overseas pro- 
A prime example occurred during World War 
II when it was quite a cloak and dagger exercise to 
smuggle miniature jewel bearings out of Switzerland. 
A successful project to mechanize production of syn- 


ducers. 


thetic sapphire jewel bearings has not only provided 
this country with a domestic source but has also created 
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Testing Aircraft NUCLEAR Power Plants 


A. R. Crocker, General Electric Company 


A discussion of the techniques. procedures, and restrictions which permil 
the accomplishment of a testing program in a complele and safe manner. 


L WAS ANNOUNCED a few months ago by the Atomic 
Energy Commission that some tests of aircraft nuclear 
power plants were under way and, more recently, that a 
turbojet engine was powered exclusively by heat from 
an experiinental reactor. 

These tests were conducted at the Initial Engin« 
Test Facility which is located at the U.S. Atomic 
Energy Comunission’s National Reactor Testing Station 
55 miles west of Idaho Falls. This facility is one of 
several which are operated by the Idaho Test Station, 
Section of the General Electric Company's Nuclear 
Propulsion Department, under contract to the USAEC 
and USAF. The headquarters for the Department is 
in Evendale, Ohio, where the design work and_ th« 
component development takes place. 

The development of an aircraft nuclear power plant 
is similar to that of chemical power plants with the 
addition that the work must be performed within the 
framework of restrictions imposed by the nuclear re 
action. This paper should indicate some of the dif 
ferences involved in testing the power plants. 

The facilities that are in use are first described, then 
the preparation for test is mentioned, and finally the 
instrumentation and the operation of aircraft nuclear 
power plants are discussed. Information on the charac 
teristics or performance of the power plants cannot b« 
given. 

The Idaho Test Station, like Gaul, is divided into 
three parts—a service area which includes engineering 
and administration, a shop area, and a test area. 

In the service area there is an engineering and 
administration which houses engineering, 
accounting, security, employee relations, etc. 


building 


A main 
tenance building houses the crafts. Another building 
contains the dispensary, fire department, ambulance, 
garage, and steam plant. In order to support a test 


Mr. Crocker is Manager, Test Operations, in the Aircraft 
Nuclear Propulsion Department. 


function 1,800 miles from home base, it is necessary to 
duplicate practically all of the components found in a 
normal plant. 

The shop area is separated from the service area by 
a natural ridge. The main feature of this area is the 
assembly building which provides facilities for as- 
sembling power plants for test and for disassembly 
after test, either by direct contact or by remote means. 
Fig. 1 shows the building layout. The machine shop 
and engine overhaul space is located in the lower bay. 
The first assembly of a power plant is done in the next 
bay, called the cold shop, so named because it is 
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radioactively cold. 


This is in contrast to the hot shop 
which is a room 50 ft. wide, 160 ft. long, and 60 ft. 
high and surrounded by concrete walls 7 ft. thick. 
Within this latter area, power plants can be assembled 
and disassembled by remotely operated manipulators, 
special jigs, and tools. At one end of the hot shop is a 
storage pool for holding radioactive parts for future 
use. 

On the opposite side of the hot shop, and communi- 
cating with it via a remotely operated plug door, is 
a radioactive materials laboratory. This is a so-called 
hot cell where highly radioactive components can be 
viewed through windows and periscopes, dissected by 
metallurgical and machine tools, and examined in a 
variety of ways, all by remotely operated equipment. 
A General Mills 
manipulator is shown mounted on a crane bridge. It 
will lift 40 to 750 Ibs. depending on the position of the 
hand. Normally, the room is filled with tables on which 
are placed the tools and apparatus for doing this work. 
Some of the remotely operated machine tools in use are 
a lathe, milling machine, and grinder. 


An interior view is shown in Fig. 2. 


Other equip- 
ment includes scissors, specimen mounting presses, 
canning machine, and balance accurate to a milligram. 
As can be easily imagined, this is a gadgeteer’s paradise. 
The specialized equipment and techniques devised for 
this phase of the business is a subject in itself. After 
completion of examination, radioactive components 
are literally canned up, placed in lead pigs as required 
from a radiological safety standpoint, for transporta- 
tion to other locations. 

Fig. 3 is a view of the interior of the hot shop showing 


Fic. 2 


the overhead crane, turntables, and utility pedestals. 
The latter contain outlets for electricity of various 
voltages, water, compressed air, and acetylene. Fig. 4 
is a picture which was taken through a hot shop shield- 
ing window in a control gallery and shows wall-mounted 
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manipulators which can reach into any area in the 
hot shop and the overhead manipulator. The latter 
will lift 500 to 3,000 Ibs. depending on the arm position. 
All manipulators have a variety of hands which permit 
many different operations. 

The power plant is assembled on a dolly which is 
similar to two flatcars fastened alongside each other 
thus requiring a four-rail track. The power plant is 
pushed from one place to another by a shielded loco 
motive. This is shown in Fig. 5. Transfer from one 
set of tracks to another is accomplished by this re- 
motely operated turntable. 

One set of tracks leads to the Initial Engine Test 
Facility located 6,000 ft. to the north. 
view is shown in Fig. 6. 


An exterior 
The main building is below 
grade level, thus utilizing the most inexpensive shield 
ing material—dirt. A general floor plan is shown in 
Fig. 7. The locomotive mentioned previously pushes 
the power plant to the IET and into the test building. 
The dolly is anchored in place by two standard railway 
car couplers. A plug 19 ft. long and 1 ft. wide pro 
truding from the dolly fits into a recess in the facility. 
All power leads, process piping, and instrumentation 
and control leads from the dolly terminate in disconnect 
fittings on this plug. Within the IET coupling station 
these connections are mated with the facility lines. 
This coupling area is reached by a tunnel from the 
main part of the building. 

It is possible to observe the power plant during 
operation through the use of two periscopes whose 
eyepieces are inside the control room. They terminate 
at the rear of the power plant, one on each side. One 
is 60 ft. long, and the other, which is 90 ft. long, is 
believed to be the longest periscope in the world. A 
bank of flood lights on each side of the test cell provides 
light for viewing the power plant. 

When the reactor is at low power, personnel with 
health physics and security guard escort may enter and 
leave the area. When the reactor is at high power, the 
facility may be approached by personnel in the shielded 
locomotive who then descend through a hatch between 
the center tracks and enter a tunnel which communi- 
cates with the data room. 
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The opposite end of the building is devoted to sup. 
porting equipment. A diesel generator floating on the 
line supplies emergency power in case of utility power 
failure. A compressor supplies air for turbojet start 
ing and to other pneumatically operated equipment 
A series of m-g sets supply 400 cycle and 28 volts oj 
d.c. power for aircraft systems. All air coming into the 
control and equipment room is passed through two 
filters and a washer. Space pressure and temperature 
are controlled throughout the building. Within the 
control room and data room humidity is also controlled 

Preparation for test is not unlike that of testing other 
power plants with due regard for the associated nuclear 
problems. Several check lists are filled out. There is 
one for the facility equipment which includes 16 items, 
Some examples from this list are as follows: 

The emergency diesel generator must be operating 
properly and the quantity of fuel remaining noted, 
The periscopes are operated, the radio transmitter and 
receiver tested, the sump pumps throughout the build- 
ing checked, all intercom stations are operated, and 
the emergency lighting system tried out. 

Another check list is for the auxiliary mechanical 
apparatus on the power-plant dolly which has 31 items. 
The reactor-engine instrumentation and controls opera- 
tion are checked off on another sheet having 23 items. 
Twenty safety circuit points are set and checked before 
operation. Some of these will be mentioned later. A 
weather check list is completed by health physics per- 
sonnel, 


The engineer-in-charge has a check list of his own 
He inspects each of the completed check lists mentioned 
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above, notes them on his own sheet, visually inspects 
the power plant and coupling station, and compiles a 
list of all personnel in the area. 

On notification from the engineer-in-charge the 
security guard locks the perimeter fence and enters the 
control and equipment building. Since an exchange 
badge system is used, the security guard has badges of 
all personnel within the area. He compares this with 
alist of personnel the engineer-in-charge has compiled. 
In this way all personnel are accounted for and duly 
noted on the check list. 

Health physics personnel rope off all exits and remain 
available to make radiation surveys and_ prescribe 
exposure time limits and special clothing requirements 
contact with radioactive 


whenever components is 


required. A siren on the building roof is sounded to 
warn any personnel who might have come into the 
general area without being detected. The reactor 
“ON” lights at the exits are lit, as well as one in the 
engineering office area, and the power plant is ready to 
start up. 

The power plant is operated from a console in the 
control room shown in Fig. 8. Since this is a facility 
for development testing of the power plants, there is 
obviously more instrumentation than that required for 
production or flight test. In general, the engine in- 
strumentation is grouped on the panels at the left side 
of the console. The usual turbojet instrumentation is 
The reactor instrumentation is grouped on 
the right side. 
tioned later. 


included. 

That and the keyboards will be men- 
Secondary panels behind the console 
contain amplifiers and power supplies although some 
temperatures are displayed there. All instrumentation 
sensing signals are transmitted electrically. 

Prior to complete power-plant tests at this facility, 
the components undergo individual tests. Turbojet 
engines are tested with simulation of the pressure 
drop imposed by the type of heat exchanger that sup- 
plies the heat generated by the reactor. The reactor 
undergoes a critical experiment where at essentially 
zero power the variation of power distribution through- 
out the inside of the reactor is examined in detail by 
the activation of foils and wires. The control system, 
mechanical components, and other features are checked 
carefully before the assembly is brought to this facility. 

In testing chemical engines, the characteristics of 
the device are determined by measuring such quantities 
as r.p.m., fuel flow, pressure, thrust, or torque. These 
are mechanical quantities whose effects can readily be 
seen, heard, or felt. 
pictures of them. 


Engineers have good mental 
To determine what is taking place 
within a nuclear reactor, it is necessary to resort to 
measuring more abstract quantities, but nonetheless, 
real. The fission process in a thermal reactor is caused 
by a collision of a neutron of thermal energy with a 
nucleus of a U-285 atom. The fissioning releases more 
The continuation of this process makes the 
reaction self sustaining. Since neutrons are the star 
performers, their actions are monitored. During start- 
up there are relatively few neutrons causing fissions. The 


neutrons. 


Fic. 


energy pulses from a fission chamber located in the reac- 
tor are counted in units of pulses or counts per second, or 
more exactly, the logarithm of the count rate. This 
log count rate is indicated and recorded on a strip chart. 

This fission chamber is a highly sensitive thermal 
neutron sensing device which contains a plating of 
U-235. Fissions taking place within the chamber 
create ionization in bursts. The charge collecting on 
the center electrode feeds a pulse to an amplifier. 

The reactor is started by withdrawing a poison which 
is a material that is a strong absorber of neutrons. 
When the neutron chain reaction is self sustaining it 
is said to be critical. The reactor power in this region 
is of the order of a few watts. As more poison is re- 
moved from the reactor and the fission rate increases, 
the neutron pulses in the fission chamber occur so 
rapidly they cannot be counted as discrete pulses and 
so a current is measured instead. This is accomplished 
in an ion chamber which is close to the reactor core. 

This current is related to the neutron flux. The 
flux is defined as the number of neutrons passing across 
a square centimeter per second. As the reactor goes 
to full power, the flux will increase by several decades. 
In order to keep a reasonable scale, the logarithm of the 
flux is taken. Also the derivative of the log flux is 
taken electrically. This gives a quantity called the 
period in units of seconds which is the length of time 
required for the reactor to change its flux by a factor of 
e. It is thus analogous to the time constant of a 
physical system. The period may be positive or 
negative depending on whether the reactor is increasing 
or decreasing power. If the power is constant, the 
period is infinite. This is an important measurement 
during power change. Safety circuits are another 
feature of nuclear reactors which is different from that 
normally encountered in testing chemical engines. If 
a master rod breaks, or blades or buckets come loose, 
or a combustion chamber explodes, the debris is simply 
and mechanically removed. If there is a nuclear acci- 
dent, the radioactive debris can result in a health 
hazard. To prevent the remote possibility of this 
occurrence, elaborate precautions are built into the 
reactor control circuit so that too fast a period, too 
high flux, loss of coolant flow, or other things will 


automatically set back the power or even “‘scram’’ the 
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Fic. 9 (top). 


Fic. 10 (bottom). 


reactor. The term “‘scram’’ is used to mean the rapid 
insertion of a neutron poison into the reactor. This 
poison absorbs neutrons making them unavailable for 
carrying out the chain reaction and thus instantan 
eously shutting down the power plant. The control 
system must provide throttle control for changes in 
power, as well as long-term effects such as poison build 
up in the reactor and fuel depletion. It must also be 
combined with the turbojet control system, such that 
engine speed and reactor temperatures are maintained 
within the desired limits. 

At still higher reactor power, the flux is measured and 
indicated on a linear scale usually in terms of 0 to 100 
per cent of the full power flux. 
to be a power meter. 


This may be considered 
The reactor power as indicated 
on this meter is the result of a calibration of the ion 
Although this 
determines the power at a particular spot in the reactor, 
it is corrected to indicate the overall nuclear power 
generation. 


chamber and its associated circuitry. 


A better value of power is obtained from 
a heat balance calculation based on direct measuré 

ment of the pertinent parameters. In considering the 
reactor as part of a power plant, it is, of course, necessary) 
to measure coolant flow rate, pressure, and temperature 
distribution. These quantities are indicated on the 
power-plant console. 

No data are written down by the power-plant oper 

ators. A running log is maintained by the engineer 
in-charge, who, from time to time, before, during, and 
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after a test, records pertinent information on a dicta- 

phone. 

log. 
There is another grouping of instrumentation im- 


This is later transcribed as an official operating 


portant to power-plant operation which is shown in 
Fig. 9. It includes indication of the status of auxiliary 
apparatus on the power-plant dolly and on the facility, 
The barometric pressure, humidity, wind direction, 
velocity, and temperature gradient on a tower in the 
test area, as well as the radiation levels throughout the 
IET area both inside and outside of the building, are 
displayed here. 


It is necessary to record the power-plant perform- 
ance so that a comparison can be made with design 
predictions and a basis obtained for making improve- 
ments in the next design. The data recording system 
is shown in Fig. 10. Described briefly, analog tempera- 
ture signals from thermocouples and pressure signals 
from electrical transducers are fed into seven S0- 
channel Brown recorders. Just below each recorder is 
a patch panel which allows flexibility in changing 
channels of information. A digitizer on each recorder 
slide wire balancing mechanism transmits the reading 
to an IBM tabulator. Simultaneously one channel 
from each recorder is tabulated. As the system scans 
each of the 80 points on each recorder, the tabulator 
prints the reading and punches a card. The scanning 
system is interlocked so that each recorder keeps in 
phase with the other recorders. A complete set of 
data of 560 points is thus recorded in approximately 
53min. The cards are fed into a programed IBM 650 
computer which, within 5 min., will do a number of 
important calculations such as a heat baiance on the 
system. 

Practically all of the data are recorded on_ strip 
charts in the data room while being digitized andtab u- 
lated. 
present time, such as exact engine r.p.m. and barom- 


eter reading, 


However, there is some information at the 


that does not go through this process 
but is manually punched into a keyboard in the control 
room and directly tabulated. In cases where a strip 
chart recorder is located in the control room a retrans 
mitting slide wire supplies the signal to the recorders 
in the data room. 

As is typical of other power plants, the thermodynamic 
data get primary attention. Temperatures, pressures 
and flow are recorded such that the heat produced by 
the reactor and the heat losses through the system can 
be computed. The heat-transfer coefficient of the heat 
generating material is determined. The pressure drop 
of the working medium at various points through the 
system is measured. Turbojet engine performance is 
computed. 

Nuclear data are also obtained. The excess re- 
activity is measured at intervals. This is of special 
interest when the effect of build-up and decay of xenon 
poisoning is determined. 

The term reactivity should be defined. It is the 
number of neutrons existing at the end of one generation 


compared to the number existing at the beginning 
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The difference between the two being the excess re- 
activity. 

Some of the other typical nuclear measurements are 
the moderator temperature coefficient of reactivity and 
the effect of the control poison on the reactivity and 
thermodynamic characteristics of the reactor. 

In the case of response tests of the control system 
made 


records are on galvanometer-type recording 


oscillographs. For this test, the scanning system is 
halted and the oscillograph is plugged into the data 
panels at outlets located below the patch panel. 

Donald L. Francis, Supervisor of the Test Program 
& Analysis Unit, was largely responsible for the basic 
design of the data handling system which has worked 


very satisfactorily from the time it went into opera- 
tion. 

In summary, this paper has mentioned some of the 
factors involved in the testing of the aircraft nuclear 
power plants. Many of them are new to the aviation 
industry because they are peculiar to the characteristics 
of the nuclear heat source. But the application of 
suitable procedures and techniques permit the accom- 
plishment of a testing program in a complete and safe 
manner. 
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An Outline of Things to Come (Continued from page 29) 


a production capacity sufficient to export jewel bear- 
ings. Application of the ultrasonic cavitron process, 
developed by us, has enabled a single machine to pro- 
duce 55,000 jewel bearing blanks in an 8-hour day 
compared to former production rate of only 300 to 400 
blanks per day per person. 

A project to help solve one of the biggest headaches 
of the Air Force has just been started. Deterioration 
of Air Force materiel in long-time storage throughout 
the world can create as much loss as extensive enemy 
operations. A laboratory device which anticipates 
corrosion of stored articles has been developed, and it 
is now our job to see that this device can be produced 
in the large quantities required by the packaging people. 
The device consists essentially of an extremely thin 
film of metal deposited on a nonconducting glass or 
plastic substrate. The thin film corrodes more rapidly 
than the material being protected in the package and 
thus anticipates possible deterioration sufficiently in 
advance for the package to be resecured before an en- 
gine or other costly item has been damaged. 


CONCLUSION 
We have shown a few examples of the type of work 
performed by the Manufacturing Methods Branch. 
A detailed description of all work performed under the 
auspices of this Branch is beyond the scope of this 
We have not even attempted to describe all 
the possible new materials which must be fabricated 


paper. 


and formed into future weapons systems. We can 
only hint at the problems that will be created by the 
severe environments encountered by high-speed air- 
craft and missiles in the supersonic and hypersonic 
ranges, at the materials developed to meet these prob- 
lems, and at the methods of producing useful com- 
ponents from such materials. The challenge is great. 
We hope that readers will come to us with specific 
solutions to problems so that we may better fulfill our 
Air Force mission. 

In general the function of the Manufacturing Meth- 
ods Branch is to assure that better ways are found to 
manufacture the better things which are developed 
through research and development, thus bridging the 
gap between research and production. 


NOW AVAILABLE | 


The National Midwestern Meeting—Weapons System Management Proceedings contains all unclassified 


papers presented at the meeting. 


Member Price $1.50 


Nonmember Price $2.50 


( ta 

rating 

| 

re 


Specific criteria assumptions needed in performing 
drawing-check stress analyses, as well as those which 
should be known prior to accumulation of large masses 
of creep test dala, are discussed. 


Thermal Creep Design Criteria 


Robert Goldin 
Bell Aircraft Corporation 


\ \ ITH THE ADVENT of flight involving aerodynamic 


heating, the problem of relating material allowables to CHARACTER- PHYSICAL PARAMETERS MEASURED 
use in structural design is abruptly and urgently re- — ne’ 


opened. This design element, together with operating 
condition assumptions and safety-factor criteria, are a YIELD ALLOWABLE |STRESS ATO.2% STRAIN SET 
the essential data which the structural analyst must 
have before he can determine hardware cross sections. 
Having these, the engineer can apply his complex 
analytical tools and answer the designer's question: 
“How thick must this element be?’ This paper is RIGIDITY MODULUS OF 


ULTIMATE 


ULTIMATE ALLOWABLE STRESS AT FAILURE 


FATIGUE S-N PROPERTIES | FAILING STRESS VS. CYCLES 


primarily concerned with the criteria problem of what 
allowable data are to be used in relation to what loads 
in the analysis of heated structures. The problem is Fic. 1. Design material properties for cold structures 
complicated in all areas—the establishment of limit 
condition combinations, the thermal condition stress therefore is almost invariably condemned as _ unsafe. 
analyses, the definition of primary material properties, Ultimate strength is checked so that at least some 
and the physical accomplishment of material and margin will exist beyond required performance prior 
structural tests. To convey basic concepts more to occurrence of “catastrophic” failure. Fatigue 
clearly, examples used in this paper are drastically strength is needed so that desired life endurance is 
simplified ; in actual design situations, the degree of achieved. And finally, rigidity is required so that 
simplification permissible is a matter of professional mechanical interferences and adverse aeroelastic phe- 
judgment for each particular problem. nomena are avoided. In any specific structural ele- 

In cold structures, the material properties used by ment, very likely more than one of these four character- 
the stress analyst are basically those shown in Fig. |. istics may closely govern the design. The fundamental 
These properties are used to confirm the fact that the physical material properties related to these are indi- 
structure will satisfy each of four different tests of cated in Fig. 1 for cold structures. The same com- 
adequacy- -whichever is the more critical: parisons are illustrated in Fig. 2 for hot structures. 

Vield Strength—ability to sustain a ‘“‘limit’’ load The criteria by which the above-described strengths 
magnitude without appreciable permanent deformation. are related to design loads and the material physical 

Ultimate Strength—ability to sustain a_ specified properties in cold aircraft design are generally well 


peak (design ‘“‘ultimate’’) load without failure. 


Fatigue Strength—ability to sustain a_ specified 


number of repetitions of load without failure. STRENGTH MATERIAL PHYSICAL 
CHARACTERISTIC PROPERTY PARAMETERS MEASURED 
Rigidity—ability to retain the desired structural 
shape within tolerable limits defined by various elastic ; 
VIELD CREEP-SET aLLowaBLe| STRESS AT 02% CREEP-SET 
criteria. FOR VARIOUS TIME & TEMPS 
Each of the above represents specific elements of | Graves ar 
physical characteristics which determine adequacy ol ALLOWABLE FOR' VARIOUS TIME & TEMPS 
the performance of structures from various strength a seit 
‘ AILING STRESS VS. CYCLES 
standpoints. Yield strength is required because a FATIGUE S-N PROPERTIES | cor VARIOUS TEMPERATURES 
visibly distorted structure may be unserviceable and 
MODULUS OF STRESS VS. STRAIN AT TEMP, 
ELASTICITY ISOCHRONOUS STRESS-STRAIN 
Mr. Goldin is Chief Structural Design Engineer in the Air- CURVES 


craft Division. Fic. 2. Design material properties for heated structures. 
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understood and will not be discussed in detail here. 
A brief commentary, however, is in order because 
engineers at times proceed with structural design with- 
out consciously realizing that there are these four 
strengths to be considered. By far, the most popular 
characteristic for governing strength computations is 
ultimate strength (1.5 times limit load at failure), with 
which ultimate allowables or buckling strength is used. 
Sometimes, however, yield allowables of certain mate- 
rials are about half of the ultimate allowables, and, in 
such cases, yield strength (usually the limit load com- 
pared with yield allowable) governs design. 
of missile structural design the factor-of-safety 
spread between required yield and ultimate strengths is 
further reduced or the ultimate requirement is omitted 
entirely, forcing yield strength to govern much more. 


In. much 


Fatigue strength has become increasingly important 
but as yet remains a minor factor in determining cross- 
The 
last aspect, rigidity, is becoming quite significant and 


sectional areas and hence structural weight. 


especially in thin-wing and high-slenderness configura- 
tions is definitely governing structural design and air- 
frame weight. In this case some governing tolerable 
or rate of becomes the 
criterion, and modulus-of-elasticity is the key material 
characteristic which governs structural size. 

A great wealth of physical property data has been 
accumulated in documents such as ANC-5! for use by 
the stress analyst in checking for these four strengths. 
When the considerations of heating enter the picture, 
a serious disruption of the established precedents occurs 
due to the introduction of changes of these character- 
istics as a function of two new parameters 


deformation deformation 


time and 
temperature. The name creep aptly personifies these; 
the effect of the two new parameters on each of the four 


design strengths is discussed in the following sections. 


CREEP AND ALLOWABLE YIELD STRESS 


In considering the criteria associated with permanent 
deformation or yield, there are a number of factors 
considered. First, permanent deformation many times 
involves geometric distortion which renders the com- 
ponent at least partially inadequate in accomplishing 
its intended function. Secondly, permanent defor- 
mation is characteristically taken as a sign that load- 
ings above those used in design have been experienced 
and the Thirdly, 
permanent deformation is also taken as a sign of weak- 
ness 


thereby ‘“‘damaged”’ structure. 
in original design and also in that the structure 
may not be as capable of carrying design load as it was 
before such yielding occurred. Because of the last 
two factors, in normal service usage of any aircraft, 
inspection and maintenance practice demands that the 
aircraft be grounded whenever any yielding has become 
evident. It is for this reason that the Navy specifies, 
among other things, that, ‘“Deformations remaining 
after application and removal of design-yield loads shall 
not be noticeable upon inspection... (see paragraph 


3.1.4 of MIL-A-S8629, reference 2). However analyti- 
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cally irrational this may be, its practical necessity is 
inescapable since the mechanic who makes the ground 
inspection is not a structural engineer and may be 
incapable of separating visible minor yielding from 
serious yielding due to overload or inadequate strength. 
Because of the foregoing practical considerations, 
it has in the past been possible to establish a criterion 
for the amount of yield to use in defining what a yield 
allowable shall be. Numerous calculations have been 
made of the amounts of geometric distortion that will 
result if structural elements (or outer fibers in bending) 
were to deform 0.5 per cent, 0.2 per cent, 0.1 per cent, 
and others. Ina recent paper by Dukes and Padlog,* 
permanent sets of 0.1 to 0.2 per cent were found to be 
equivalent to a 10 per cent permanent set of a wing tip 
based on its elastic deflection under limit load. Hence 
in that case, a wing tip which deflects 10 ft. under load 
would have a permanent 1-ft. deformation if the creep 
(or yield) set were permitted to be 0.1 to 0.2 per cent. 
This was considered by the authors to be a maximum 
tolerable amount of deformation. In another recent 
study by Mathauser, Berkovitz, the 
NACA,? the results of a study of creep-set calculations 
vs. wing-tip deflection set are presented. In this paper, 
for a constant-stress wing, it is assumed that 10 to 
100 per cent set of the wing tip, as compared to its 
elastic deformation under design load, is the ‘“‘range of 
interest’? beyond which creep deflections are 
for most structural applications.”’ 
such permanent deformations are produced by creep 
(or yield) permanent sets of from 0.2 to 0.02 per cent. 
From many studies such as the foregoing, the value 
for permanent yield set (or strain) selected as the basis 
for determining yield allowable stress was established 


and Stein of 


‘excessive 
It was shown that 


many years ago as 0.2 per cent. The following quote 
is excerpted from ANC-5: 

“Since permanent deformations of any appreciable 
amount are undesirable in most structures, it is cus- 
tomary to adopt an arbitrary amount of permanent 
strain that is considered admissible for general purposes. 
The value of this strain has been established by material 
testing engineers as 0.002 (0.2 per cent) .... 
deformation due to creep has precisely the same external 


Since the 


effects as those due to yield, it is logical to conclude 
that the arbitrary permissible creep set should also be 
that 
engineers are still interested in knowing what stresses, 


taken as 0.2 per cent. It is nonetheless true 
temperatures, and times will produce various values of 
creep strain, just as they like to see room temperature 
stress-strain detail 
compression instability studies and general research 


curves of various materials—for 


purposes. This is discussed further in a subsequent 
section of this paper. But for structural design pur- 
poses, however, they should be primarily interested in 
the 0.2 per cent creep-set data as shown in Fig. 5. 
This is not a new proposal, having been advanced by 
others such as Micks of the RAND Corporation,’ but 
full appreciation of the practical reasonableness of this 
criterion has not yet occurred. Even in ANC-5, from 
which was extracted the logical quote given above, 
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Stress for 0.2 per cent set vs. time and temperaturé 


Fic. 3. 


there is not provided creep-set data based on this 
criterion. Instead, it shows curves for creep for total 
deformation (elastic plus creep set) which normally is of 
lesser use to the structural engineer. As a matter of 
fact, the yield-set criterion of 0.2 per cent obviously 
results in different total deformations for steel and 
aluminum, because the elastic portion of the total set 
for steel is only one-third that of aluminum at the same 
stress. 

Based on this discussion of yield and creep deforma 
tions, it is therefore proposed that the same material 
allowable permanent deformation criterion be applied 
for design—namely, 0.2 per cent permanent set. Thus, 
for the design situations where permanent deformation 
is the governing factor, the criterion needed by the 
stress-analyst is defined for the great majority of cases. 
Material test engineers should always supply the creep 
curves based on this long-standing criterion as shown in 
Fig. 3, and, when the limit load-life-temperature con 
ditions have been defined, the stress analyst then di 
rectly has the means for determining the cross-sectional 
areas needed to satisfy deformation strength require 
ments (when buckling is not involved). The occasional 
situation where some other more rational deformation 
criterion must be used may still arise, just as it does 
occasionally relative to establishing some other ra 
tionally permissible yield, but this probably affects as 
few as one stress calculation in a thousand or more. 

In laboratory tests for adequacy for yield, the test 
would consist of simultaneously exposing the structure 
to a limit condition of load, temperature, and time 
under load and temperature. Adequacy of the struc 
ture is demonstrated by no appreciable yield being 
evident. <A test factor-of-safety might be obtained by 
increasing the time of exposure to load and temperature 
and obtaining a ratio of the test time until yield 
occurred divided by required time. Time is used here 
so that the same specimen is rationally usable to com- 
plete the test. If load or temperature were to be used, 
the test should rightfully be rerun from the start with 
a new test specimen. 


CREEP AND ALLOWABLE ULTIMATE STRESS 


By far, a more controversial design area is the prob- 
lem of providing some ultimate strength level for heated 
aircraft structures. This problem was reviewed to 
some extent by this writer in an ASME paper in 1956! 
in relation to overall structural design criteria philos- 
ophy. These general considerations will not be re- 
peated here in total, but a brief review is essential for 
clarification in relation to creep. 

It has often been contended by many authorities in 
the field of criteria that the 1.5 factor of safety used in 
cold-structure design cannot be used realistically in 
more complicated design areas. Conventionally in 
cold-structure design, the limit load is used to find stress, 
the stress is multiplied by 1.5, and the result is com- 
pared with the ultimate material allowable to verify the 
required cross-sectional area (always for tension ele- 
ments, sometimes for short-column compression). If 
buckling is involved, it is required by accepted criteria 
that 1.5 times the limit load be carried by the structure 
without experiencing catastrophic failure. If this con- 
cept were carried over to heated aircraft structures, it 
superimposes a drastic load conservatism on top of 
conservatism for time-duration of the design load, 
temperature of the structure at the time the design- 
load occurs, and total life of the aircraft. To compen- 
sate for these and still make it possible for the stress 
analyst to perform design calculations in a practical 
manner, some new criterion is needed relative to 
ultimate strength. 

If it were desired to follow rationally the outdated 
present criterion, it would be necessary to proceed as 
follows in the design of heated structures. First, a 
limit-condition load would be set which represents a 
maximum expected load (or stress) at a certain temper- 
ature level. Second, the aircraft life would be as- 
sumed, and the time duration of the load and number of 
encounters during the life would be estimated, resulting 
in a time at a certain load and temperature. Third, the 
attempt would be made to obtain a material allowable 
which would represent experiencing the limit stress for 
the required total-time at temperature, followed by one 
loading to destruction. Finally, the stress analyst 
would then select a cross-sectional area which would 
make the last encountered failing load at least 1.5 
times the limit, sustained load. 

Obviously, the providing of allowable data which 
would satisfy the foregoing design procedure is com 
pletely impractical. Present creep stress-rupture 
curves are all plotted to provide the stress level which, 
if held for the entire time at load and temperature, will 
result in failure (see Fig. 4). What some analysts 
have therefore resigned themselves to doing is using 
that creep stress-rupture curve and calculating a cross- 
sectional area which results in a stress which is two- 
thirds less than the rupture allowable shown (thus 
allowing for the 1.5 ultimate factor of safety). This 
involves the implicit assumption that the design ulti- 
mate load has occurred every time that the limit load 
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was expected and that it was sustained for the length 
of time that the limit load endured. Such a conserv- 
atism is truly unthinkable in aircraft-design practice. 
One method of avoiding such unrealistic practice 
advanced by this writer® and others is to discard 
at least partially the ultimate strength design require- 
ment and design instead for yield at 1.15 times limit 
loads and perhaps require some slightly higher buckling 
condition factor of safety. This involves some un- 
needed safety factor and perhaps is a little severe. 
Another and possibly more realistic approach is as 
follows. First, continue designing for yield strength 
as described earlier in this paper using the convention- 
ally conservative limit load-and-condition combi- 
nations. Second, in order to provide a margin of 
safety with respect to ultimate strength, arbitrarily 
raise the entire limit-load level by some reasonable 
jactor considerably lower than 1.5 for the estimated 
total-life time duration. Third, 
having this fictitious higher load (and the temperature 


temperature and 


and time), enter creep stress-rupture curves such as 
shown in Fig. 4 and obtain an allowable ultimate stress. 
This is discussed somewhat by Dukes and Padlog in 
reference 3, and the creep-rupture factor of safety of 
1.15 used therein is considered both ample and realistic 
by this writer. 

The creep-rupture, or elevated-temperature failing- 
strength, criterion outlined above is practical both to 
the stress-analyst user and to the material-test data 
supplier. Already there are creep stress-rupture curves 
ior most common materials at many temperatures and 
times in documents such as ANC-5. While there is 
unrealistic conservatism in assuming that this higher 
level of load occurs everytime that the limit-condition 
load occurs, the reduction of the level from 1.5 to 1.15 
accomplishes a realistic compensation. In this writer’s 
opinion, such a factor in a future structural-design 
specification would be unrealistically high if made 
greater than 1.25 and unrealistically low if made less 
than 1.10. 

The laboratory test for adequate ultimate strength 
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STRESS RATIO STRENGTH DESCRIPTION 
Re ¢ MIN INVOLV 
rs NVOLVED OF LOADING 
+1 ULTIMATE YIELD STATIC CONDITION LOAD 
ZERO TO TENSION LOAD 
-| FATIGUE COMPLETE LOAD REVERSAL. 
PLUS, TO EQUAL MINUS, 
MAGNITUDE 
a NORMALLY NOT ZERO TO COMPRESSION 
CONSIDERED LOAD 
Fic. 5. Types of fatigue load cycles. 


would consist of exposing the structure simultaneously 
to an ultimate condition of 1.15 times the limit-con- 
dition load, limit-condition temperature, and limit- 
condition design time under load and temperature. 
Adequacy of the structure is demonstrated by experi- 
encing no failure. A test factor of safety might be 
obtained by increasing the time of exposure to load and 
temperature and obtaining a ratio of the test time 
until failure occurred divided by the required time. 
As discussed before in connection with yield strength, 
time is used here (rather than load or temperature) so 
that the same specimen is rationally usable to complete 
the test. 


ELEVATED- TEMPERATURE FATIGUE 


From a designer’s standpoint, perhaps the most 
obscure of the four strengths to deal with analytically 
is the fatigue strength Fatigue refers, 
broadly speaking, to repeated application and removal 


problem. 
of load. Therefore what has been discussed in the 
earlier portions of this paper could be classed as various 
types of fatigue loading since the loading involved 
generally will go from a zero or low stress value to a 
higher stress and back down again repeatedly. In a 
very real sense, therefore, what is done in creep analysis 
with respect to the ultimate strength criterion dis- 
cussed above closely patterns what might be done in 
fatigue analysis. This writer has strongly believed 
that for conventional cold-airplane fatigue problems a 
design criterion similar to that outlined in the previous 
section of this paper (on ultimate strength) provides 
perhaps the only practical analytical design tool. 
This is discussed further in the following paragraphs. 

In operating regime where appreciable thermal con 
siderations enter the picture, the thing that charac- 
terizes creep problems from fatigue at-elevated-temper- 
ature problems is the degree of reversal of load. Fig. 
5 presents a method of defining fatigue loadings as 
presented by the Batelle Institute in reference 7. R 
describes the variation of load level in a fatigue-cycling 
It is seen that when stress ratio R = +1 
(where minimum and maximum load are one and the 
same), a static unchanging condition exists and there 
If the time-at-temperature of 


machine. 


is no load variation. 
this load is defined, then the stress analysis approach 
is to consider yield strength or ultimate strength as 
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Elevated temperature fatigue S-V curves 


Fic, 6. 
described earlier. Similarly, under elevated tempera 
ture conditions it is generally believed that when R = 0 
(where the minimum load is zero and the maximum load 
is some given value), the total time under a repeatedly 
applied load for most materials will generally be not 
too different from the total time under a static load of 
the same magnitude. On this basis, then, is the pre 
sumption almost invariably made that creep yield 
and failing strength can be determined by use of allow 
able curves such as Figs. 3 and 4 obtained from steadily 
held static load material tests. 

When R = —1 (where complete reversal of load 
occurs and the maximum positive load equals the maxi 
mum negative load), the phenomenon of creep as com 
monly thought of does not occur. Creep in one direc 
tion very closely neutralizes creep in the other direction, 
and the failure achieved most closely resembles that 
which occurs in a room-temperature fatigue test. It is 
therefore quite reasonable to restrict most of the fatigue 
analysis and test effort in the heated-structures design 
regime to those cases where complete (or at least 
In line with this, the 
heated-specimen fatigue S-N curves shown in ANC-5 


partial) load reversal occurs. 


are for complete load reversal conditions, and a recom 


‘ 


mended presentation of ‘“‘allowables’ data is as illus 
trated in Fig. 6. 

As discussed earlier in this section on elevated tem 
perature fatigue, it is strongly believed by this writer 
that a realistic analytical design criterion for fatigue is 
achieved by use of the same approach as that recom 
mended for creep stress-rupture. Accordingly, 
limit-condition loads in the fatigue loading spectrum 
would at all levels be multiplied by a factor such as 
1.15, and the required design life number-of-cycles of 
loading (and associated temperatures) would then be 
applied at this increased level. If the fatigue loading 
could be simplified to an equivalent one-load level with 
complete reversal of a stipulated number of cycles at a 
single value of temperature, then a design allowable 
could be selected directly from curves as illustrated in 
Fig. 6 and a design for fatigue at elevated temperatures 
achieved. The safety factor to cover material and 
fabricating variations is then represented in the 15 
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per cent higher-than-anticipated level of 
(which in itself is invariably selected conservatively 
throughout the entire life, and the required life is a 
fixed number. The laboratory test of the design is 
simply: Can the component sustain the design (1.15 
times the expected limit condition) load spectrum at the 
limit-condition temperature without experiencing fail- 
ure? The test factor of safety could be expressed by 


loading 


the ratio of actual life cycles achieved divided by re- 
quired life cycles, as was done before in terms of time. 


RIGIDITY 


As indicated earlier, the primary parameter influ- 
encing rigidity is modulus of elasticity. This param- 
eter is influenced primarily by temperature as illus- 
trated in Fig. 7. In a sense, the criteria aspect is 
simpler because of the fact that in the past the criteria 
has not been related to the material modulus parameter 
itself. It may be defined by degrees of twist, inches 
deflection, or required // and Gj. Therefore, if the 
load, the geometry, and the separately obtained cri- 
terion is given, then the appropriate modulus can_ be 
immediately picked from such plots as is shown in 
Fig. 7. In selecting the modulus, one normally would 
use the value determined for the highest temperature 
encountered with the operating condition for which the 
rigidity criteria were selected. 

The above covers the broad area involving flutter, 
vibration, and other aeroelastic conditions. However, 
in connection with Ultimate Strength, modulus of 
elasticity in combination with yield (or creep) plays an 
all-important part in establishing buckling strength. 
Relative to this consideration, the 1.15 factor of safety 
discussed earlier provides the loading levels to be used 
with time and temperature. However, the “material 
allowables,”’ if such a term can be used, are not provided 
by any of the previously presented curves. 

In cold-structure instability analyses, the necessary 


tool is the complete stress-strain curve of the material 
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With 
definition of elastic / and occurrence of permanent set, 
the 
In hot structures, the equivalent 


being considered. this, and its simultaneous 
relatively accurate predictions can be made of 
buckling stress. 
data are provided in isochronous stress-strain curves 
This introduces the 


time and temperature parameters, in addition to stress, 


such as is illustrated in Fig. 8. 
needed to define creep—which influences buckling in 
exactly the same way as does cold-material yield. 
Accordingly, in addition to the data represented in 
Figs. 3, 4+, 6, and 7, the materials-testing engineers will 
have to supply stress analysts with isochronous stress- 
strain curves such as in Fig. 8. 

The laboratory test for adequate rigidity is accom- 
plished by subjecting the structural component to a 
limit condition of load, temperature, and in some cases, 
time under load and temperature. Test adequacy is 
demonstrated by not exceeding the deformation cri- 
The test factor of 
safety can be expressed in the ratio of the allowable 


terion which governs the design. 


twist, displacement, ete., divided by the actual test 
value. The rigidity conditions which relate to inherent 
structural instabilities only are checked by the same 
test 
strength (as defined in an earlier section). 


criteria as are used to demonstrate ultimate 


CONCLUSIONS 


In this paper, elevated temperature criteria have been 
presented which are needed by the stress analyst in 
translating limit load-temperature-lie conditions and 
material property (or allowable) data into actual cross- 
sectional areas of structural elements. Definition of 
the complex design limit load-temperature-life con- 
ditions is not attempted at this time; the basic ground 
rules for making such definitions have been set forth 
in a previous paper by this writer.® Similarly, the 
intricate analytical theories and tools required in making 
the necessary calculations are not discussed herein, 
having been the subject of papers by numerous specialists 
in that field. 
basic types of strength which the structural engineer 
with 


The criteria presented embrace the four 
is concerned namely, yield strength, ultimate 
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strength, fatigue strength, and rigidity. The types of 
material data needed are described, and the associated 
laboratory test criteria to verify adequacy of the 


structure are defined. 


REFERENCES 


1 ANC-5, Strength of Metal Aircraft Elements, dated March, 
1955. 

2 MIL-A-8629 (Aer), Airplane 
August 28, 1953. 

3 Dukes, W. H., and Padlog, J., An Analysis of the Significance 
of Creep in Airframes (Confidential), Bell Aircraft Corp. for 
Univ. of Florida Aero. and Structures Conference, January 22 24, 
1957. 

4 Mathauser, E. E., Berkovitz, A., and Stein, B. A., Recent 
Research on the Creep of Airframe Components, NACA Langley, 
for Aircraft Loads Conference, March 5-7, 1957. 

5 Micks, W. R., A Method for Determining the Effects of Ele- 
vated Temperature on Structural Design and Weight, RAND Corp , 
Society Aero. Weights Engr. Conference, May 10-13, 1954, 

6 Goldin, R., Design Criteria for Heated Aircraft Structures, 
Bell Aircraft Corp., ASME Aviation Conference, March 14-16, 
1956. 

7 Grover, H. J., Gordon, S. A., and Jackson, L. R., Fatigue of 
Metals and Structures, NavAer 00-25-5834, Batelle Institute, 1954. 


Strength and Rigidity, dated 


+ 


NATIONAL MIDWESTERN MEETING ON GUIDED MISSILES 
Hotel Chase, St. Louis, Missouri, May 12—13, 1958 


The Meetings Committee plans to schedule sessions on Astronautics, Propulsion, Aerodynamics 
and Ballistics, Structures and Aerodynamic Heating, Guidance and Control, Operation’s Analysis, 
Composite Design, and Engineering Management in Missile Development. 

Members or organizations wishing to have papers considered for presentation at this meeting 
Should submit outlines or short abstracts to the Meetings Committee, 2 East 64th Street, New York 21, 


NLY., no later than January 27, 1958. 


ing 
ly 
1S 
15 
Ver 
S ol 
CTldl 
ti 


Stable Platforms for High-Performance Aircraft 


A discussion of translational vibration in relation to platform tilt and 
an analysis of the kinematic rectification of platform and gyro motions. 


R.H. Canr 
North An 


A STABLE PLATFORM 1s an apparatus used by sell 


contained for maintaining 


a reference direction angularly fixed in space. 


air-navigation systems 


The pri 
mary member is a stable element mounted in gimbals 
to provide angular freedom from the carrying vehicle 
and bearing inertial instruments whose signals are used 
to enforce fixity of the element despite disturbing in 
fluences of the vehicle. 

Stable platforms of a sort have been in use for many 
years. For example, the 16-in. gun turrets on a battk 
ship and the gyro vertical in the instrument panels of 
commercial aircraft both have the feature of maintain 
ing their orientation, approximately, despite motions 
of the carrier. But the great accuracy required for 
modern self-contained navigation puts autonavigator 
platform stabilization in a class quite apart from pre 
vious applications. 

Consider, for example, the requirements of an inet 
tial navigation system. Such a system determines 
velocity and position by sensing and integrating vehick 
accelerations.' Because any device which senses an 
inertial force due to acceleration will also sense the force 
of gravity, the system can function only if the direction 
of gravity is accurately known, so that it may be re 
moved from the total acceleration. Just how accu 
rately the vertical must be known can be appreciated by 
considering that the stable element is utilized as a sort 
of substitute for the sun and stars of celestial naviga 
tion. A platform drift of 1° of are is as if a navigation 
star had shifted 1° of arc, and an error of the order of 60 
nautical miles at the earth’s surface can result. 

To be of practical use then, the stable element must 
“stay put’’ within very close limits. It must do so, in 
some Cases, in an environment which is quite unfavor 
able for instruments—a high-performance airplane or 
missile may make all manner of maneuvers and abrupt 
changes of velocity and is likely to provide a severe 
temperature and vibration climate. 


THE STABILIZATION PROBLEM 


If a platform could be devised which was perfectly 
balanced and which was mounted on bearings having 
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Single-axis platform. 


absolutely no friction (and protected from air currents, 
magnetic coercion, etce.), then the problem of a stable 
reference would be solved once and for all because no 
movement of the carrying vehicle could induce such 
a platform to change its orientation. 

Since practical achievement of such an arrangement 
is still rather remote, additional measures must be 
adopted for maintaining platform fixity. These in- 
variably involve sensing spatial rotation of the stable 
element and applying a corrective torque to the element. 
A typical arrangement is shown in Fig. 1 for control of a 
single platform axis. 

(In practice, gyroscopes are used as ‘dip sensors’’ to 
measure rotation of the stable element, and, in some ap- 
plications, they also provide the dynamic restoring 
torque directly. In a typical navigation system, how- 
ever, the gyroscopes are small compared to the element 
to be stabilized, and the gyroscope signals are used to 
control platform-torquing mechanisms. ) 


Dip Sensors 


The critical member of a platform control system is 
the dip sensor, an inertial device whose mechanical out- 


put indicates the dip of the platform. For this, one 
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might think of using an inert mass mounted on precision 
bearings (Fig. 2a) and so protected from disturbing in- 
fluences that it simply remains immovable in space. 
As a practical matter, however, the necessary low-fric- 
tion, balance, and isolation requirements are as yet un- 
achievable. 

One turns, then, to the gyroscopic principle that a 
rotating mass has a much stronger tendency to maintain 
its orientation than an inert mass of comparable size. 
A common arrangement for a gyroscopic dip meter in- 
volves isolating the rotating wheel from the platform 
by a set of two gimbals (Fig. 2b). For this arrange- 
ment the output axis of the gyroscope might indeed be 
oriented as indicated in Fig. 1, the gyroscope remaining 
fixed in space, the platform rotating around it, and the 
pickoff measuring the motion (i.e., the dip) of the plat- 
form with respect to inertial space. 

Alternatively, the gyroscopic principle may be em- 
ployed as indicated in Fig. 2c. Here the wheel 1s 
mounted to the platform through a single gimbal in such 
a way that motions of the platform apply to torque to 
the wheel and cause it to precess. In this case, the 
mechanical output of the gyroscope is in a direction 
normal to its spin axis and to the axis of the input 
motion—e.g., the gyroscope output axis would be hori- 
zontal in Fig. 1. From the standpoint of producibility, 
the single-axis gyroscope is much more attractive than 
its two-axis counterpart because it requires only one 
high-quality 


friction-free) the 


output-axis bearing in Fig. 2c 


(essentially bearing 
while the gyroscopic 
dip meter of Fig. 2b requires two such high-quality 
bearings in series. 

The performance of the bearings in gimbaled gyro- 
scopes is greatly improved by floating the assembly of 
moving parts in a fluid of equal density so that the 
bearings need support only a few per cent of the total 
weight. In this respect, the effects of temperature 
variation on the fluid, together with certain mass shift 
effects, make the design of good environmental enclos- 
ures an important part of the stable platform problem. 

An old, and potentially very attractive, idea is the 
so-called free-rotor gyroscope* in which the rotating 
mass is spun freely on spherical pads 
lubrication 


e.g., using gas 
A two-axis pickoff 
is arranged to sense wander of the spin axis of the mass 
thus indicating platform dip about two orthogonal axes. 
It might be expected that application of this elegant 
instrument in stabilizing platforms would be accom- 


as shown in Fig. 2d. 


panied by challenging problems in precision design. 

The instruments represented in Fig. 2a, b, and d all 
remain spatially fixed and (ideally) are themselves un- 
affected by platform motions. But the single-axis 
gyroscope of Fig. 2c precesses in response to platform 
dip so that its dynamic characteristics may strongly 
affect the control system. If, for example, the gimbal 
bearing is considered frictionless and no damping is in- 
troduced, the summation of torques about the gyroscope 


*U.S. Patent No. 
Gillmor et al. 


1,984,874, December 18, 1934, R. E. 
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Dip sensors. 


output axis (pickoff axis in Fig. 2c) is 
I(d°0/dt?) = H(d@/dt) (1) 


in which I is the moment of inertia of the gyroscope 
about its output axis, @ is the precession of the gyro- 
scope, //7 is the angular momentum of the gyroscope 
wheel, and ¢ is the platform dip about the vertical axis 
in Fig. 1. It is seen that in this case the gyroscope 
precession angle reports the integral of the platform dip 
angle. If the platform sits off null, the gyroscope pre- 
cesses at a constant rate; if the platform makes an ex- 
cursion off null and returns, the gyroscope ends up in a 
precessed position. 

But if heavy damping, C, is introduced about the 
output axis, Eq. 1 becomes 


I + C (d0/dt) = H (dq/dt) (2) 


so that, with an appropriate ratio of C to J, gyroscope 
precession # can again be made directly proportional to 
platform dip ¢ for all motions of concern. 

Because it integrates platform dip, the undamped 
single-axis gyroscope effects a control system which 
will permit absolutely no constant dip angle of the plat- 
form from the orientation which the gyroscope considers 
neutral. That is, the nulling error of the system does 
not, in this case, depend upon the threshold sensitivity 
of the gyroscope or the electrical “‘gain’’ of the servo. 
On the other hand, using a heavily damped gyroscope 
leads to a simpler control loop. In practice, the choice 
of damping is generally made upon operational consid- 
erations. 
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Three-axis platform. 


The Control Loop 


The initial consideration in implementing the con 
trol arrangement of Fig. | is to be sure that the system 
is stable. If the dip sensor reads dip angle directly 
and if “proportional control” is employed, then the 
stability picture can be seen to a close approximation 
by noting that the control system reacts upon the plat 
form in exactly the same manner as a torsional spring 
that is, a restoring moment is exerted by the torquer 
which is exactly proportional to the magnitude of the 
platform dip. It is well known that the natural motion 
of an undamped mass-spring system is an undamped 
sinusoid which, of course, does not represent a suffi 
ciently stable arrangement. With an actual uncom 
pensated controller, moreover, the restoring torque 
would in fact be slightly ‘‘late,”’ so that the oscillations 
might be expected to diverge. The situation is readily 
corrected by including a lead network in the servocon 
troller—t.e., an electrical differentiation which allows 
the control system to anticipate platform movements 
and to apply its corrective torque preveniently instead 
of ex post facto. The result is a system which may b« 
given any degree of stability desired. 

Stability of the control loop could have been achieved 
alternatively by including mechanical damping in the 
bearings. This is quite undesirable, however,  b« 
cause motions of the airframe could then induce larg: 
torques upon the platform through the bearings. 

When the dip sensor does not read dip angle directly 
additional compensation may be required. For ex 
ample, if single-axis gyroscopes of the true integrating 
variety are employed, there is introduced into the con 
trol loop a large additional lag (90° in the case of sinu 
soidal motion) whch must be compensated electrically 
in the servocontroller. 

In addition to effecting stable control of the platform, 
the servosystem must hold oscillatory excursions within 
definite bounds to ensure proper operation of instru 


ments. (In particular, single-axis gyroscopes them 
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Internal gimbaling. 


selves must be held closely to their nominal orientation 
for proper operation.) The ability of the servo to hold 
platform motions within bounds in the face of disturbing 
torques is known as the ‘‘stiffness’’ of the servo. At 
very low frequencies, this stiffness may be infinite for a 
true integrating gyroscope and need be bounded only 
by practical limits on electrical gain for proportional 
sensors —e.g., two-axis, or heavily damped single-axis 
At very high frequencies the inertia of 
the platform itself adequately resists disturbing torques. 


gyroscopes. 


Between these extremes, in the vicinity of the natural 
frequency of the mass-spring system which is the con 
trol system, adequate stiffness depends upon good de- 
sign of the electrical characteristics of the controller. 

Beyond the linear region of torquer operation, the 
effective stiffness of the control loop decreases as the 
torquer becomes progressively saturated. Sufficient 
torque capacity must be made available so that this 
loss in stiffness does not result in intolerably large 
platform angular motion in the presence of maximum 
expected disturbances. 

Above all, steady drift of the platform must be held 
within the limit specified by navigational requirements. 
In this, the dip sensor is the sole determinant: ulti 
mately, the accuracy of the entire navigation system dé 
pends upon the drift 


characteristics attending its 


gyre SCC eS, 
Three-Axis Control 


The single-axis platform of Fig. 1 can be converted to 
a three-axis platform by adding gimbals to give freedom 
about the other axes and by adding gyroscopes to con 
trol them. <A typical arrangement is shown in Fig. 33 
Three single-axis gyroscopes are mounted with their 
input axes mutually orthogonal. Torquers are 
mounted between the gimbals, and each is controlled 
by the appropriate gyroscope. 

Specifically, the Z gyro always senses rotation of the 
platform about the azimuth axis and always instigates 
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a torque between the platform and gimbal A. For an 
arbitrary airplane heading, platform dip about the roll 
axis is sensed partly by the X gyro and partly by the Y 
gyro. The X and Y gyro signals are combined appro- 
priately by a resolver (mounted between the p’atform 
and gimbal A), and the resulting signal is used to con- 
trol the torque applied between gimbals A and B. The 
X and Y gyro signals are combined also to indicate plat- 
form motion about the pitch axis and to control a cor- 
rective torque between gimbals B and C. 

It is noted that the platform in Fig. 3 actually has 
four degrees of angular freedom with respect to the air- 
frame, instead of three. The redundant gimbal is em- 
ployed because it is highly desirable to maintain gimbal 
axes mutually orthogonal (approximately) to avoid 
inertial coupling between the gimbals and (in the ex- 
treme) to avoid gimbal lock. To this end, gimbal C, 
known as a follow-up gimbal, is torqued with respect to 
the airframe in response to a simple pickoff which 
measures relative motion between gimbals A and B. 

The redundant gimbal scheme of Fig. 3 leads to an 
interesting situation when the vehicle pitches more 
than 90° of are e.g., during an Immelmann maneuver 
by an interceptor. Just as the roll axis carries gimbal 
C through vertical, the entire gimbal system flips 180° 
of are about the platform. This maneuver, for systems 
which must accommodate it, invokes the peak acceler- 
ation requirement for the gimbal torquing system. 

One is, of course, at liberty to orient the system of 
Fig. 3 with respect to the airframe in any way desired. 
The first consideration is for the maneuvers the aircraft 
is to perform. The arrangement shown in Fig. 3 is 
usually the most expedient for interceptor aircraft 
which are likely to indulge in ‘‘barrel rolls’’ more fre- 
For such aircraft 
two sets of slip rings are required to connect the instru- 


quently than in ‘“‘Immelmanns.”’ 


ments on the stable element with their external equip- 
ment: one set between the platform and gimbal A, 
and another between gimbal C and the airframe. For 
aircraft which are restricted from 360° of are maneuvers 
in bank and pitch, only one slip ring (azimuth) is re- 
quired, ‘‘wind up”’ leads being adequate at the other 
gimbal junctions. If the bank angle is restricted to less 
than 90° of are and the pitch angle is not, it would be 
expedient to interchange the roll and pitch axes in Fig. 
5 and thus avoid gimbal flipping altogether. 

When single-axis gyroscopes are used to stabilize a 
three-axis platform, as in Fig. 3, an additional type of 
interaxis coupling exists because the gyroscope pickoff 
is unable to distinguish between precession of a gyro- 
scope and motions of the platform about the gyroscope 
output axis. Thus the pickoff signal of the Z gyro- 
scope in Fig. 3 is o, = 6. — ¢,. Similar expressions 
hold for the other pickoffs, so that each torquer is re- 
sponding not only to the proper signal from its own 
In certain 
frequency ranges the amplitudes of 6 and ¢@ are compar- 
able so that the servosystem must definitely be de- 


axis but also to a signal from another axis. 


signed on a three-axis rather than a single-axis basis.’ 


For a given navigation system the relative align- 


ments of specific instruments on the stable element 
will be critical, and techniques must be developed for 
establishing them. 


DESIGN FOR AN AIRCRAFT ENVIRONMENT 


In a slow-moving aircraft whose maneuvers are 
gradual, the task of the stable platform is not much 
different from that in a laboratory environment, and the 
system performance is dependent largely on the drift 
characteristics of the gyroscopes. 

In a high-performance interceptor or guided missile, 
rapid maneuvers of the craft and the high vibration 
levels which generally result from high-speed aerody- 
namic disturbances and large power plants can produce 
severe disturbing torques on the stable platform. 
Moreover, the installation requirements for such air- 
craft call for lighter structural members, limited shock- 
mount excursions, and more elaborate temperature con- 
trol equipment, each of which makes more difficult the 
problem of coping with airframe vibrations. 


Space Economy 


The stringent space limitations in operational air- 
craft demand that the most compact platform arrange- 
ment be sought. Sometimes an external gimbal ar- 
rangement similar to that shown schematically in Fig. 
3 leads to the most efficient packaging of the platform 
elements. (This is particularly true if the arrange- 
ment is such that the main platform carries only a set 
of gyroscopes, the other instruments being mounted 
separately in some way.) 

Many times, however, the number and shapes of the 
instruments to be mounted are such that it is expedient 
to mount them in two clusters. When this is the case, 
it is usually advantageous to use an internal gimbal sys- 
tem, such as that shown in Fig. 4. The utility of such 
an arrangement is clear, for example, in the case of a 
star-tracking system in which the telescope equipment 
might be mounted on the upper table and the stabiliz- 
ing gyroscopes on the lower table. 

In this arrangement the two tables are connected by 
a solid post. Gimbal A of Fig. 3 becomes a small 
sleeve surrounding the post in Fig. 4 and within which 
the entire table assembly is free to rotate in azimuth. 
Gimbal B now becomes simply a split beam (Fig. 4), 
which also lies within the diameter of the table assem- 
bly. Only the follow-up gimbal, C, is now external to 
the platform. Because of the follow-up action, the rela- 
tive motion between internal gimbals A and B may be 
restricted to just a few degrees. 

Often the arrangement of Fig. 4 can be made to 
occupy a much smaller volume than could an external 


gimbal arrangement for the same set of instruments. 


Effects of Disturbing Torques 


When the disturbing torque on the platform is steady 
(in one direction) over a period of time, required fixity 
of the platform is maintained by the servo which exerts 


a compensating torque on the platform. (If a true in- 
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tegrating gyroscope is the controlling sensor, the plat 
form will be maintained under steady disturbance with 
zero departure from null.) But, in addition, appro 
priate rigidity of the platform structure between ‘in 
struments must be supplied, or unacceptable misalign 
ments will occur under steady acceleration. 

In the case of vibratory disturbances, the platform 
controller will permit some magnitude of platform dip, 
depending upon the stiffness of the servo at the dis 
turbance frequency (as discussed above). For any given 
torquer, there will be some torque level at which the 
control gain is effectively reduced to an unacceptably 
low value. Thus, a definite upper bound exists on the 
disturbing torque which can be sustained by the system. 

At a much lower level, oscillatory disturbing torques 
of a sustained nature can produce continuing oscillations 
of the platform about more than one axis. If thes« 
oscillations have a certain phase relationship, they can 
induce a rectification type of drift in the instruments 
carried. 

An interesting exemplification of this phenomenon 
can take place in the single-axis gyroscopes them 
selves.* Consider, for example, a situation in which the 
platform in Fig. 3 is vibrating simultaneously about th« 
roll and pitch axes. The pitch vibration causes the 
Y gyroscope to precess back and forth with respect to 
the rollaxis. At an instant when the gyroscope is at the 
peak of its excursion, the rolling motion is at a maxi 
mum velocity. A component of the rolling motion is 
normal to the (deflected) momentum vector of the gyro 
scope and therefore produces a torque on the gyroscope 
At the other extreme of the gyroscope swing, the rolling 
is in the opposite sense, but the component normal to 
the gyroscope momentum vector is now in a direction to 
produce the same resultant torque on the gyroscope as 
before. The result is a varying sinusoidal torque on 
the gyroscope which has an average value and which 
therefore produces a steady drift of the entire system. 
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The determining factor in prescribing platform servo 
stiffness may well be the tolerance on rectification drift. 


Disturbance Mechanisms 


There are numerous mechanisms by which aircraft 
maneuvers and airframe vibrations can induce disturb- 
ing torques on the stable element. One thinks, for ex- 
ample, of torques produced by gimbal bearing friction 
as the airframe rotates about the platform and of the 
inertial torque produced when an unbalance exists on a 
lineally accelerated platform. 
ing techniques must be used. 


The best available bear- 

For example, bearing 
alignment may be improved by designing the bearing 
and journal structure to ensure matched deflections un- 
der loading. Dynamic, as well as static, balance must 
be considered, or inertial interaxis coupling may be- 
come serious (in the same way that it is serious in high- 
density-airplane dynamics). The ideal solution to the 
‘“‘cross-product-of-inertia’”’ problem is to achieve a 
nearly “‘iso-inertial” configuration of the platform ele- 
ments. 

Of a more subtle nature are torque-producing mech- 
anisms which involve flexibility of the platform struc- 
ture. For example, in building an external gimbal 
system such as Fig. 3, it is necessary in practice to 
make the gimbals much wider than those shown to 
achieve sufficient torsional stiffness of the gimbals. I tis 
not feasible, however, to make the gimbals thicker at 
the same time because of the large increase in overall 
dimension which would be incurred. As a result, the 
gimbals are highly nonisoelastic i.e. they are much 
more limber in one direction than in another-—so that 
when the assembly is subjected to acceleration the in- 
ertial force on the platform causes it to deflect as shown 
in Fig. 5. If the direction of the acceleration is not 
along a principal axis of the gimbal, the gimbal de- 
flection is not along the line of action of the force, so 
that the force may be applied at a significant moment 
arm with respect to the center of support of the gim- 
bals. Influential torques are produced in this manner. 

When internal gimbals are used, the entire assembly 
can be made isoelastic so that the mechanism just de- 
scribed is avoided. On the other hand, the central post 
connecting the two tables in Fig. 4 must be made quite 
stiff or a different sort of torque-producing mechanism 
illustrated in Fig. 6 can exist; for if the post is limber, 
accelerations of the center of the post will cause the 


tables to tilt. If the acceleration is steady or varies at a 


—_____UPPER TABLE 


Fic. 6. 


Post bending. 


jow fr 
maint 
allow 
cies, | 
platio 
equal 
natur 
table: 
flex 
Pl: 
mech 
resul 
tion 
capa 
(As ¢ 
an il 
bals 


Vibr 


frec 
imu 
ali 
ing 
1 

low 


mo 


— 
| 
| 
| 
| 
| 
| 
T 
effe 
shor 
It 
the 
ACCELERATION 


Servo 
drift. 


“craft 
turb- 
@x- 
ction 
f the 
Ona 
bear- 
aring 
aring 
S un- 
must 
r be- 
high- 
» the 
ve a 


| ele- 


1ech- 
truc- 
nbal 
20 
n to 
It is 
erall 
the 
1uch 
that 
e in- 
own 


not 


STABLE PLATFORMS FOR HIGH-PERFORMANCE AIRCRAFT 47 


low frequency, the platform servosystem will actually 
maintain the gyroscope-carrying table level, thus 
allowing the other table to oscillate. At high frequen- 
cies, Where fixity is maintained by the inertia of the 
platform rather than by the servos, the tables will tilt 
equally (Fig. 6). 
natural frequency of the post-table combination, the 
tables will, of course, not tilt and the post will simply 
flex between them.) 


(At frequencies above the structural 


Platform motions produced by either flexibility 
mechanism—nonisoelastic flexure or post bending—can 
result in torquer saturation or unacceptable rectifica- 
tion drift unless the necessary combination of torquer 
capacity and gimbal and servo stiffness is provided. 
(As a practical matter it is simpler to stiffen the post of 
an internal gimbal system than to stiffen external gim- 
bals in the diametric direction.) 


Vibration Control 


The most straightforward measure for controlling the 
effects of airframe disturbances is, of course, effective 
shock-mounting. 

It would be most desirable if the natural frequency of 
the shock mount could be made very low so that high- 
frequency disturbances would be attenuated by a max- 
imum factor. However, one is faced immediately with 
a limitation on the excursion the mount may have dur- 
ing steady accelerations. This factor places a definite 
lower limit on the natural frequency of a passive shock 
mount. 


+ 


+ 


In designing the mount, careful attention must be 
given the dynamic interaction between the mount itself 
and the flexible members of the platform structure. 
For example, if the outer gimbal in Fig. 3 or 4 carries a 
heavy mass, a secondary platform resonance results (in- 
volving the vibration of the gimbal mass and the stable 
element mass in opposite directions) which can lead to 
intolerably high transmissibility at some high fre- 
quency —~e.g., 50 cps. 


If the vibration climate is extreme and the excursion 
limits severe, it may be necessary to employ an ‘‘ac- 
-e.g., hydraulic—shock the 
natural frequency will not be bound by the excursion 
limit. 


tive” mount whereby 


Flotation of the entire stable element is a more bold 
approach to the problem of effective environmental iso- 
will, of 
number of new technical problems. 


lation. This measure course, introduce a 
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1 method of determining augmentation of 
high-performance aircraft lo reduce 
inherent susceptibility to inertia coupling 


The Roll Coupling Problem—A Mathematical Approach 


| © UNDERSTAND better the phenomenon of inertia 
or roll coupling, Convair undertook a mathematical 


analysis, using only linearized airplane equations of 


motion and the predominant cross-coupling terms. 

The physical aspects of the problem appeared with 
the modern interceptor type of aircraft, where the body 
weight is concentrated about the longitudinal axis 
of the airplane. It was found that the aircraft acted 
normally in rolling maneuvers until a certain roll rate 
was reached. At this point, the aircraft appeared to 
go out of control, assuming exceedingly large angles of 
attack and angles of sideslip. Several experimental 
aircraft were lost because of the excessive lateral o1 
longitudinal loads resulting from the large maneuvering 
angles encountered during rolling maneuvers. 

This violent coupling maneuver was predicted by 
W. H. Phillips in his now famous NACA publication 
TN1627. However, it was not until the maneuver was 
encountered in flight that aircraft designers began to 


so + + — ga a — da, — ¢,a, Y,(8 


sa + 68 + 6,6 + 68, + 6,8, — (64+ 6) = Z(at+a 


sh + + Ob + Ov, + Oh) — — 
L3(8 + (3) 


sé + (d¥ + + oy, +- (7, — 7.)/I,| + U,./]1 


sv 4+ + 6,6 + 66, ,6,) [.| — (/ 


where s is the Laplace operator. 
It should be noted that in the above equations 


B, 


These equations may now be divided into two sets of equations. 


R. Westerwick 


A Division of General Dynamics Corporation 


realize that the configuration trends had finally brought 
aircraft into the critical region. When this was 
demonstrated by the loss of airplanes and pilots, an 
accelerated program was initiated in an attempt to 
alleviate the problem. Convair also wanted to deter 
mine if it would be possible to redesign the airplane 
physically in order to effect a solution or if it would be 
necessary to use some type of automatic control to ob- 
tain a reasonable maneuver. 


METHOD OF SOLUTION 


It was decided to use the equations which express 
five degrees of freedom of the airplane. The velocity 
equation was considered to be inconsequential to the 
presence of the inertia coupling problem. It was fur 
ther assumed that gravity had no effect on the pres 
ence, or absence, of the coupling. Assuming that it is 
possible to write the equations in the form of small 
perturbations about some steady-state value (desig 
nated by the subscript ‘‘o’’), the equations are: 


+ Ls Ab, + 0@,), 


+ 6 + 6,6 + 66, + ¢,8,) 


+ ¢) +L + L;,(6a + + L;,(6r + 67 
+ ,(0 + 6,,) + M, (de + 


- — — Bate) = 
3+ 8,) +N, ¢,) + NAW + + + 


4) 0) 


Yo 


These two sets will be called the steady-stat« 


equations (those equations involving terms with the subscript 0) and the stability equations (which are the terms of 


the incremental variations about the steady-state values 


The second-order terms are considered to be negligible 


as compared to the first-order variations in the stability equations, and for this reason are omitted. 
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The steady-state equations are: 


Vo Py Qo 38, Y;,6%, 


$8, — 9, 


= + g/v + Z;,6e, 


— 1,)/Lr] — = LgBo + Lybo + Litho + + L;,5r, 


— + (6? — 


68, (Ly — + 


The stability equations are: 


(I::/I,) = 


+ + 


M + M;,6e, 
Nw, + 


— ¢,a — da, = 


sa + $8 + 48, — 6 

so + + — — (sb + 6.6 + 46,) 
+ (dv. + dob) — + Ue 

+ (6, + 6,6) — — (s6 — 6 — 6b.) = + 


To determine if an airplane will be roll divergent for 
a particular flight condition, these equations are solved 
in terms of the function s. If any root is positive, the 
airplane is unstable at the rolling rate ¢, and that flight 
condition. 

By using coeflicients which appeared to be representa- 
tive of present-day interceptors, it was possible to 
solve the stability determinant. However, in order to 
solve and plot the roots of the equations more easily, 
an analog computer circuit was devised which would 
factor the fifth-order equation in s and give as results 


(s + + aos + (s? + ags + bs) 


An additional circuit was then added which resolved 
the quadratic terms s’> + as + 6 into their real and 
imaginary roots in terms of s, that is (s + x + jy) 
(s + x — jy). A plot was then made of the three dis- 
tinctive roots: (s + a), (s + X%2 + jye), and (s + x3 + 
1V3)- 

The plot which was used is a normal imaginary plane 
plot of roots except that it was extremely difficult to 
keep the roots along the real axis separated and clear 
with changing roll rates. To facilitate clearness, the 
roots which were on the real axis were plotted upon a 
plane of real axis versus ¢,”. This was done only for 
the roots along the real axis. 

The plot of the roots as a function of ¢,” is shown in 
Fig. 1 for a typical flight condition where the airplane 
becomes neutrally stable. In this plot are essentially 
The first which starts at —0.54 + 2.16) is 
the plot of one of the longitudinal roots, the other would 
start at —0.54 — 2.16). 
of the root shown, it is not plotted. The second locus, 
which starts at —0.08 + 7 1.37, is the plot of one of the 
complex lateral roots. 


three loci. 


Because it is the mirror image 


Again, the other complex lateral 
root is not shown because it is a mirror image. The 
locus starting at — 1.54 is the real lateral root. 

In order to determine the effect of changing several 
of the aerodynamic derivatives, Figs. 2 and 3 were 
plotted which show the effects of changing Cm, and 
Cngz. A plot of changing C/, was also made; however, 
the effect of this change appeared to be secondary. 


49 


(26.6 — = Vea + 


4 
3 
2 
= —+— j3 
1 
| 
j 
| 
| 
| 0 
| 
10 
8 


Fic. 1. Plot showing locus of roots of the stability equations 


as functions of the square of the roll rate. 


The interpretation of these curves is that, if the 
curve at any time crosses over to a positive value of x, 
then the airplane will be roll divergent at this value 
of ¢,, and the value of all the variables will increase until 
the value of ¢, is reached where the curve again returns 
to the negative side of the y axis. 

By examining Figs. 1, 2, and 3, it appears that the 
conclusions reached by Phillip are valid. These con- 
clusions may be stated as: Change Cug and Cm, such 
that the natural frequency in pitch approaches the 


natural frequency in roll. For the average interceptor 
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Fic. 2 (deft). Plot showing how roots of stability equations \ 
to normal Cma. Fic. 3 (right) 
ratios of Cn, to normal Cng. 


values used in this study, this means that, to improve 
the stability in roll, decrease the effective Cm, or in 
crease the effective 


Improved Stability by Use of Automatic Controls 


There are numerous instances where airplanes are 
too far along in the design stage to be completely re 
designed in order to reduce the susceptibility to inertia 
coupling. The more drastic condition also exists if the 
possibility of roll coupling is discovered while the air 


—Z. —] dbp 

—M, 0 

— dp 0 — JV, 
0 


where A = (/, — /,)/J, and B = (J, — I,)/I.. 


It was determined, by use of an analog computer, 
that the airplane steady-state maneuvers at the time 
of initiating the rolling maneuver have little effect 
upon the ability of the airplane to become roll un- 
stable. Therefore, it was possible to assume the values 
of a, Bo, Yo, and 6, equal to zero by noting that the zero 
values are the solution to the steady-state equation for 
an airplane starting its rolling maneuver at a zero ¢ 


Plot showing how roots of stability 


equation vary as functions of the square of the roll rate for various 


functions of the square of the roll rate for various ratios of Cme 


US 


plane is being tested. The question is now raised, 


what type of automatic control must be used to sta 
bilize the airplane using control surfaces of 6e and 6r? 
The assumptions which must be made here are: 

(1) 6e and 67 may be considered separately, and, if 
one function will help, then both will help more. 

(2) The s° terms of the determinant are predominant 
in determining the airplane stability. 

(3) 6e and 6r are incremental values about the trim 
values. 

The determinant of the predominant s° terms and the 


6, functions is: 


0 0 —Z;,6€ 
0 dA — M,,6e 
0 — Y,,6r 
—L, —L;,6r 
0) —N, — N;,6r 


initial load factor. The factors J,,/J,, I,,/I,, and Np, 
were removed by virtue of their having less than 1/2 
per cent effect upon the stability determinant. 

Now the substitution is made that G, is the de func- 
tion of the variable x. In other words, let 6e = G_X. 


When X is a, the stability determinant expands to 
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ROLE CONMPEING FROBEEM 


+ GeMu) + (Ma + Gy + + 


M,N, + + 


which equals approximately 
M.Ns — + + + 
G, — do? M;.B| 


It should be noted that the factor LZ, has been re- 
moved from this expansion because it enters every 
term. However, because L, has a negative sign, the air- 
plane will be stable when the sum of the terms is nega- 
tive and unstable when the sum is positive. 

To increase the airplane stability using a feedback to 
elevator will then be considered impractical because 
the factor ./;,N, and —M,,E have opposite signs, con- 
sequently no value can be chosen for G, which will in- 
crease the stability of the airplane for all roll rates by 
making the terms 17,N,, —[N,4 + M,B], and AB 
more negative—i.e., more stable. Another point of 
view is that, with opposite signs for the coefficients of 
the G, terms, there is no value (or function) of G, which 
will not make one of the terms less stable as another 
term is made more stable. 

Using 6e as a function of 6 gives the expansion: 

M.Nzg — + M,B| + ¢,'AB + 
Go [((—ZaMaeNg + + 
(—N,Z;-A — 

If a value of G, = Kj ¢,” is chosen, then a consider- 
able improvement should result in the roll stability. 
This is because the coefficients of the Gj term are nega- 
tive, consequently any value of Ag will tend to increase 
the stability of the airplane by making the coefficients 
of the expansion of the stability determinant more 
negative. 

For G, the expansion gives approximately 
L,M.Ng — ¢°L,[NgA + M,B] + 

— 


Using G, = Ky ¢ is about the only possible value, and 
the advantage of this is doubtful. 


For G, the expansion gives approximately 
M.Ng — [NgA + M,B)] + 
—N3M;. + — + 
¢,* (BM,,) | 


—G; [dol 


The signs of the two terms in Gy are again different so 
no value of Gy will help all of the terms. 

To examine the stabilizing effects of the 67 inputs, 
let /7, be the 67 function of the variable .«—that is, let 
= HX. 


For 176 the expansion gives approximately 
M,Ng — [NgA + + AB — 
For /7; the expansion gives 
M.NeL, — [NgL,A + M,L,B| + 
L,AB + Hy + 4 
do” — ANgL5,) + ABLy | 
For /7, the expansion gives 
M.Ng — $07 (NgA + M,B) + AB ¢,' — 


Hy (VsNs — NeYsr) + (M (Ns, — M.BYs,)] 


For all of these functions of 67, the signs of the //, 
terms are different for the different ¢,” terms, therefore 
no 6r stabilizing function using ¢, 6, or ~ will give un- 
questionable improvement over the whole flight range. 
However, to determine the best 6r function to use, the 
ratios between the ¢,” terms of the 17, functions were 
compared, and the one with the greatest ratio between 
terms was considered to have the best possibility of 
augmenting the stability. This method determined 
the best rudder feedback to be 6r = Kjd,6. 


CONCLUSION 


The results of this study show that, if some form of 
automatic control is to be used to alleviate the inertia 
coupling, the best system to use is 6e = K¢6. This 
feedback should aid the stability at all flight conditions 
and all rolling rates. This will allow the pilot to make 
rolling maneuvers which are consistent with the other 
qualities he obtains from today’s high-performance 
interceptors. 
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The critical performance areas 

full load take-off ground roll and 
post take-off rale of climb 
and a comparison of take-off characleristics 


are explored, 


for a transport aircraft utilizing 
mechanical flaps, boundary-layer control flaps, 
or Jel flaps is made. 


Jet Transport Flap Considerations 


I. ORDER TO achieve the maximum range and pay 
load capability for jet-powered, long-range subsonic 
aircraft, it is necessary to get the maximum weight 
into the air from a particular airfield. There are both 
military and civil take-off requirements, and, in general 
they require that flight speeds be attained within a 
particular distance and that some specified emergency 
condition climb be available. This paper is concerned 
with the take-off ground run and the post take-off 
climb performance for such aircraft. The airplane and 
flap characteristics presented in this paper are for 1 


particular airplane but are typical for swept-wing 
four-engine jet aircraft, such as the Boeing 707. 

Fig. | presents simple equations for the ground roll 
and for the climb angle of an airplane. The ground roll 
distance is a function of the airplane’s weight, thrust 
ground run drag, ground run lift, and take-off lift 
coefficient. Similarly, the post take-off climb angl 
obtainable is the difference between the airplane's 
thrust-to-weight ratio and its drag-to-lift ratio in the 
particular flight 
the numerous high lift devices that ar 


condition. In order to compare 
properly 
available to the designer, it is necessary that we first 
obtain a comparable set of aerodynamic characteristics 
for the airplane equipped with these devices. In this 
paper, we will consider the mechanical flaps (plain 
single-slotted, and double-slotted flaps), 
layer control flaps, jet augmented external flow flaps 
(both blowing and sucking), and pure jet flaps. Typical 
characteristics of these various flap systems are shown 
in Figs. 2 through 5. 


boundary 


The mechanical and boundary 
layer control flap data are based on Boeing wind 
tunnel tests and are typical for configurations having a 
flap span equal to about half the wing span. The external 
flow jet augmented flap data are based on NACA 


Mr. Hamilton is Staff Engineer—-Aerodynamics and Power 
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TN3S9S and correspond to a configuration having a 
full span slotted flap but having jet augmentation over 
only the inner two thirds of the flap. The jet flap 
data are based on NACA TN3865 and correspond 
to a configuration having a full span jet flap. It should 
be noted that, for the jet augmented flap and the jet 
flaps, the value of incremental drag coefficient presented 
is actually the increment of measured drag coefficient 
plus the jet momentum coefficient with no regard 
for the angle at which the jet is deflected. The data 
have been presented in this way because the experi 
mental techniques for obtaining jet flap characteristics 
require that the thrust be imposed upon the test model 
in order to derive the proper airflow configurations. 
The resulting test drag data often have negative drag 
coefficient values and correspond to mechanical or 
boundary-layer control flap data having scaled air 
plane thrust imposed on the model. The equations 
presented in Fig. 1 assume the thrust to be a separate 
force. Consequently, the jet flap data have been 
corrected in the drag direction in order that they may 
be easily compared and used in these equations. 

The application of any of these high lift devices to a 
particular airplane configuration has been studied by 
generating approximate lift-drag polar curves for an 
airplane utilizing each high lift device. These data 
result in aerodynamic lift and drag characteristics 
such as those presented in Figs. 6, 7, and 8. Thess 
figures show the ratio of drag-to-lift as a function ol 
lift coefficient, flap deflection, and jet momentum 
coefficient. The data are presented in this way in 
order to make the climb angle thrust requirements 
readily apparent. These characteristics are based on 
the airplane, out of the ground effect, with the gear 
retracted, and with the flap deflections indicated. It 
is believed that this is a reasonable configuration for the 
emergency one-engine-out climb condition. The best 
mechanical and boundary-layer control flaps have 
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The critical performance areas 

full load take-off ground roll and 
post take-off rale of climb 
and a comparison of lake-off characteristics 


are explored, 


for a transport atreraft utilizing 
mechanical flaps, boundary-layer control flaps, 
or jel flaps ts made. 


Jet Transport Flap Considerations 


L. ORDER TO achieve the maximum range and pay 
load capability for jet-powered, long-range subsonic 
aircraft, it 1s necessary to get the maximum weight 
into the air from a particular airfield. There are both 
military and civil take-off requirements, and, in general, 
they require that flight speeds be attained within a 
particular distance and that some specified emergency 
condition climb be available. This paper is concerned 
with the take-off ground run and the post take-off 
climb performance for such aireraft. The airplane and 
flap characteristics presented in this paper are for no 
particular airplane but are typical for swept-wing, 
four-engine jet aircraft, such as the Boeing 707. 

Fig. | presents simple equations for the ground roll 
and for the climb angle of an airplane. The ground roll 
distance is a function of the airplane's weight, thrust 
ground run drag, ground run lift, and take-off lift 
coefficient. Similarly, the post take-off climb angle 
obtainable is the difference between the airplane's 
thrust-to-weight ratio and its drag-to-lift ratio in the 
particular flight 
properly the 


condition. In order to compare 
that are 


available to the designer, it is necessary that we first 


numerous high lift devices 
obtain a comparable set of aerodynamic characteristics 
for the airplane equipped with these devices. In this 
paper, we will consider the mechanical flaps (plain 
single-slotted, double-slotted flaps), 
layer control flaps, jet augmented external flow. flaps 
(both blowing and sucking), and pure jet flaps. Typical 
characteristics of these various flap systems are shown 
in Figs. 2 through 5. 


and boundary 


The mechanical and boundary 
layer control flap data are based on Boeing wind 
tunnel tests and are typical for configurations having a 
flap span equal to about half the wing span. The external 
flow jet augmented flap data are based on NACA 
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TN389S8 and correspond to a configuration having a 
full span slotted flap but having jet augmentation over 
only the inner two thirds of the flap. The jet flap 
data are based on NACA TN3865 and correspond 
to a configuration having a full span jet flap. It should 
be noted that, for the jet augmented flap and the jet 
flaps, the value of incremental drag coefficient presented 
is actually the increment of measured drag coefficient 
plus the jet momentum coefficient with no regard 
for the angle at which the jet is deflected. The data 
have been presented in this way because the experi- 
mental techniques for obtaining jet flap characteristics 
require that the thrust be imposed upon the test model 
in order to derive the proper airflow configurations. 
The resulting test drag data often have negative drag 
coefficient values and correspond to mechanical or 
boundary-layer control flap data having scaled air 
plane thrust imposed on the model. The equations 
presented in Fig. 1 assume the thrust to be a separate 
force. Consequently, the jet flap data have been 
corrected in the drag direction in order that they may 
be easily compared and used in these equations. 

The application of any of these high lift devices to a 
particular airplane configuration has been studied by 
generating approximate lift-drag polar curves for an 
airplane utilizing each high lift device. These data 
result in aerodynamic lift and drag characteristics 
Phese 
figures show the ratio of drag-to-lift as a function « 


such as those presented in Figs. 6, 7, and 8. 


lift coefficient, flap deflection, and jet momentum 
coefficient. The data are presented in this way in 
order to make the climb angle thrust requirements 
readily apparent. These characteristics are based on 
the airplane, out of the ground effect, with the gear 
retracted, and with the flap deflections indicated. It 
is believed that this is a reasonable configuration for the 
emergency one-engine-out climb condition. The best 
mechanical and boundary-layer control flaps have 
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essentially identical lift and drag characteristics up to 
flap deflections in the order of 50° or 55°. For greater 
flap deflections, the mechanical flaps stall, and additional 
lift is not added while the boundary-layer control 
flaps continue to add lift and drag with additional 
deflection. These figures show that the drag-to-lift 
ratio increases as the flight lift coefficient increases, 
even though we continually increase the flap deflection 
so as to have the minimum value of drag-to-lift ratio. 
The family of curves in Figs. 6 through 8 are bounded 
by envelope curves which represent the minimum 
drag-to-lift ratios possible for the particular airplane 
configuration. The upper side of the shaded areas 
represent the thrust-to-weight ratio that is required in 
order to have a maximum climb slope of 10 per cent 
(5° 4 deg.). It is obvious that, as the flight lift coef- 
ficient increases, the thrust must be increased for a 
given weight and climb slope. On each of these 
figures is shown C, 0.8 7M, the asymptote for D/L 
at high lift coefficients if drag due to lift is C,?/0.8 7M. 
The drag due to lift, as a partial span flap, is varied in 
angle, is always greater than that of the basic wing. 
The aerodynamic characteristics of a flapped wing are a 
function of relative flap span and the amount the air is 
turned. It is noteworthy that the unseparated flap 
effectiveness is not appreciably affected by the means of 
preventing separation (sucking, blowing, or slots). 
From an operating economy standpoint, the best 
flap system is the one which allows the greatest weight 
to be flown from a particular field. Figs. 9, 10, and 11 
present the take-off weight as a function of take-off 
lift coefficient for both 8,000- and 4,000-ft. ground rolls. 
These figures also present the take-off weight for a 
three-engine, 5 per cent climb slope (3 deg.). The 
basic airplane assumed for these figures had 2,400 sq. 
ft. of wing area and was powered by four 12,500 Ibs. 
thrust engines. This combination of wing area and 
sea-level jet thrust was picked to allow a good match for 
the altitude cruise condition. Fig. 9 shows that both 
mechanical and boundary-layer control flaps allow the 
same take-off weight for an 8,000-ft. ground roll and a 
5 per cent one-engine-out climb slope. In the case of 
the 4,000-ft. ground roll, boundary-layer control flaps 
show a slight advantage over the mechanical flaps if no 
cost in terms of thrust and weight is charged to the 


boundary-layer control airplane. Had it been economi- 
cal to add more engines or larger engines, the boundary- 
layer control flap would have shown more advantage. 
The flap angles corresponding to the take-off lift 
coefficients are shown on the abscissa. It is note- 
worthy that, for the high weights, the climb and 8,000- 
ft. ground roll requirements utilize a flap deflection of 
about 30°, whereas the lighter weight, shorter ground 
roll case utilizes a flap deflection of about 50°. Figs. 10 
and 11 present the same information for the two types 
of jet flap studied here. These figures were generated 
with the assumption of no thrust loss due to flattening 
of the jet or to complicated ducting to prevent control 
problems should one engine be lost and with it the 
resulting jet lift on one part of the wing. The light 
line below the 5 per cent slope climb boundary repre- 
sents the location of that boundary if the basic engines 
were reduced in thrust by 10 per cent to allow for 
such ducting. 


The allowable airplane take-off weights for these 
different high lift devices are compared in the bar 
charts in Fig. 12. It is noteworthy that for the high 
weight take-offs long fields are required and that, for 
the 8,000-ft. ground roll case, essentially no differences 
in allowable weight exist for the four systems considered, 
especially if some thrust loss is assumed for the ducting 
of the jet flaps. For the shorter take-off runs, the jet 
flap data presented show an advantage in weight off 
the ground. However, it must be pointed out that no 
consideration has been given to trimming out the 
moments resulting from the full span jet flaps and that 
the ducting of the hot gases from the engines through 
the wing and out of the trailing edge will certainly 
result in weight increases and in space problems 
because of the fuel that must be displaced from inside 
the wing. 


In summary, it appears that subsonic, long-range 
aircraft having jet-engine sizes matched for maximum 
cruise efficiency can gain little or nothing from the more 
exotic high lift devices for the high weight operations 
which require long runways. Boundary-layer control 
and jet flaps may offer some advantages for shorter 
field length operations where larger thrust-to-weight 
ratios are required. 
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 _—_ RESEARCH is an activity pursued in 
many different areas these days and in some cases 
differs very little from management analysis or similar 
conventional occupations. It is therefore proposed to 
discuss only military operations research since it was in 
this context that operations research first became an 
independent activity. 

Perhaps the characteristic ol 
operations research is the difficulty its practitioners have 
in defining it. 


most outstanding 
This has been commented on many 
times, with the commentator usually proposing his 
own definition. What seems to be the common trouble 
with these definitions is that they are directed toward 
defining a science while operations research has stub 
the 
simplest sense, a science is a body of systematized 


bornly remained an engineering occupation. In 


knowledge as opposed to engineering which is_ the 
It therefore 
would seem quite sensible to limit the definition of 
military operations research to the simple statement 


application of science to human needs. 


that it is the application of science and_ scientific 
methods to military planning and operations. 

In the old days (World War II, that is), military 
operations research was almost exclusively concerned 
with improving the operational effectiveness of what we 
now call weapon systems. The methods and results 
of such work have been well described by Morse and 
Kimball, but, with the end of the war and cessation of 
operations, there was a drastic decline in the amount 
of work that could be undertaken by these established 
methods. The controlled experiment or measure of 
effectiveness had suddenly become most elusive. 

Military operations research did not fold its tent and 
fade away, but it did clearly undergo a change. Some 
people felt that it should prepare itself for a new 


The opinions expressed here are those of the author and not 
those of the Institute for Defense Analyses. 


the application of science 


and scientific methods to military 


planning and operations. 
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Military Operations Research 


conflict and in the interim establish better procedures 
This 
was not really a very popular approach, but it must be 
admitted that it probably paid off more than any other 
track during the Korean War. Others felt that 
valuable work could be done within the conventional 


and techniques on the basis of past experience. 


form using war games and training exercises as sources 
of experimental data. Still others felt that with the 
sudden advent of such new weapons as jet aircraft and 
nuclear weapons they could best serve in the capacity of 
While it is not 
proposed to criticize any of these approaches, few 
operations analysts will deny that there have been 
pitfalls. 

Those who might have paid excessive attention to 
how things were done during World War II soon 
discovered that they were in the same class with the 
legendary military mind that is intent on fighting the 
last war over again. Korea much World 
War II experience had to be junked or re-evaluated 
because of the peculiar circumstances of this conflict. 


scientific advisers and liaison experts. 


Even in 


Those who have substituted war games and training 
exercises for operational data have been beset with 
difficulties. Training operations are seldom conducted 
with any semblance of reality, if only because of the 
expense involved. War games are fascinating paper 
exercises, but one does not have to be terribly sophisti- 
cated to realize that little more comes out of a war game 
than is put into it. Finally, those who have gravitated 
toward the area of scientific advisers ultimately discover 
that they have departed from military operations 
research by any definition. 

It is interesting to consider military operations 
research as a subject for its own analysis. 
might ask: What purpose of 
research office in terms of an end product? 


Thus we 
is the an operations 
What are 
How do we 
measure the effectiveness of its operation? 
we control and improve its effectiveness? 


the essential elements of such an office? 


How can 
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To change the order of things a bit, the essential 
elements of a military operations research office are 
an organization of predominately civilian scientists 
and the placement of this office in a major staff position 
with a reasonably direct access to the military com- 
mander. Viewed as a separate civilian staff, we may 
then ask what purpose it fulfills that military staffs do 
not. Characteristically, this civilian scientific staff is 
habituated 
method. 


scientific 
That is, it attempts to observe the common 


toward solving problems by 
and repeating features of phenomena, to form a hy- 
pothesis relating these observed phenomena, to verify 
this hypothesis by controlled experiments or observa- 
tions, and to predict other phenomena arising from this 
verified hypothesis. It is this skill in scientific method 
which is most valuable in a scientific staff as distinct 
from a military staff. The second notable character- 
istic is the freedom and independence of thought that a 
civilian staff may and should have. 

How do we measure the effectiveness of a military 
operations research organization? There is a simple 
rule here which applies to all staffs—namely, has its 
work made the decision-making job of the commander 
easier? In the particular case of the operations re- 
search staff, its most notable contributions will be in 
two distinct areas. One is the analysis and evaluation 
of operations and operating concepts involving weapons 
systems with a view toward optimizing the efficient 
employment of these systems in the military organiza- 
tion. The emphasis here is on the methods for effi- 
ciently employing these systems as distinct from the 
hardware specifications analysis which the producing 
contractor is obviously far more capable of doing. 
The second important area is the analysis of future 
weapons systems with a view toward guiding their 
development and integration into operating military 
forces. This is an area calling for a considerable 
degree of imagination and judgment since it is not only 
a question of adapting weapon systems to military 
organization and missions, but perhaps, more import- 
antly, it involves the inverse problem of adapting 
organizations and missions to new weapons systems. 

How can we control and improve the effectiveness of 


an operations research organization? Here the answer 


lies in selection of personnel and proper internal 
organization. There is no magic or inviolable type of 


internal organization, in fact, there is much to be said 
But there must 
be at least enough organization to convey the “‘engi- 
neering’’ idea that the final product should have some 


for a policy of minimum organization. 


utility to the military commander. Knowledge for its 
own sake is not a fundamental aim of military opera- 
tions research. 

The director of an operations research office should 
be a civilian scientist himself, as should be most of his 


staff. The reason for this is apt to be quite clear to a 


civilian but not at all so to a military man. This 
requirement is by no means a reflection on the intelli- 
gence or integrity of a possible military director. How 


could it be, since the whole purpose of the operations 
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research office is to serve the military commander. 
Rather, it stems from the essentially pragmatic reason 
for setting up such an organization in the first place. 
If there are certain areas in which a civilian scientific 
staff can contribute to a military organization, then it 
is basically because they are civilian in organization 
If the 
initial premise is not true, then there should not even 
be such an organization. 

It is perhaps a rather trite observation that an 
organization can only be as good as the people in it. 


and management as well as in composition. 


In military operations research, however, there is not 
only the problem of finding qualified people but also the 
more basic problem of trying to decide what kind of 
people to look for. Because people with a great 
variety of backgrounds have done well in operations 
research, the simplifying assumption is often made that 
almost anyone can do well at it. Sad to say, this has 
not proved a very practical means of selecting people. 
There was once a musician who became a quite com- 
petent physicist, but this really does not imply that 
physicists should be recruited from the musicians union. 

If the essential character of a scientific staff is its 
skill in using the scientific method, then the most 
logical place to look for recruits is among the sciences 
where the scientific method is at a premium—that is, 
in the “hard’’ sciences such as physics, mathematics, 
and chemistry. This is not to say that valuable people 
will not be found in such areas as sociology, history, or 
psychology, but the criterion should be skill in scien- 
tific method rather than specific educational back- 
ground. 

One difliculty with scientists in operations research 
is their predilection toward viewing knowledge as an 
end in itself. This commonly takes the form of con- 
sidering a written project study or report as the final 
product, whereas, from the engineering point of view, 
the commander's decision is the final product, and there 
is often a considerable gap between the report and the 
decision. 

Prior experience is aS important in operations 
research as in any other activity, and even the finest 
scientific training does not necessarily assure that a man 
will become a good operations analyst. Obviously, the 
first people who started operations research were with- 
out specific prior experience, but there has been a 
considerable amount of water under the bridge since 
then, and experience has taught some tricks of the 
trade. Moreover, it must be remembered that military 
operations research is a civilian activity in a military 
organization, and it is desirable that the individual 
analysts have some experience and familiarity with 
military people and military organizations, either 
through prior military service or working experience 
This is not an 
indispensable requirement, but it certainly helps to have 
some knowledge of how the customer operates. 


with operational military commands. 


Within the military services there have been two 
different toward the 
operations research offices. 


approaches organization of 


The Army and Navy have 


ons 
we 
are 
an 
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established centralized offices, ORO and OEG respec 

tively. The Air Force has adopted a more diversified 
approach with the primary emphasis on autonomous 
command There is a centralized office in 
USAF Headquarters as well as the RAND Corporation 
which has in part somewhat similar functions, but the 


offices. 


majority of Air Force operations analysts are located in 
independent offices attached to the major commands 
Each of these offices has evolved its own method of 
operating, and each probably feels that its own methods 
are superior. Of course, much depends upon the 
particular mission of the parent organization and the 
ability of the military commander to recognize the 
advantages and limitations of a civilian scientific staff. 

An example of how a particular operations research 
office has evolved is the office at SAC Headquarters. 
Starting with nine people in 1946, it has grown to ap 
proximately 35 at the present time. Organizationally, 
it has shifted from the Directorate of Plans to the 
Directorate of Operations and finally to a special staff 
position directly under the Command Section. In 
1954 the distinction between a scientific advisory 
function and the operations research function was 
formalized by the establishment of a separate Chief 
Scientist Office. 

There are two aspects of the SAC operations re 
search office which are of particular interest. One is 
the absence of any assigned military personnel with the 
exception of some clerks and an executive officer. It 
might appear that this is a mistake since the addition 
of some military people to an operations research 
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office usually contributes considerably in establishing 
realistic operational factors. However, it 


found that the close contact between the military staff 


has been 


and the civilian operations analysts possible at SAC 
Headquarters can accomplish the same results without 
the occasional that occurs when a 
military operations analyst has to deal with another 


embarrassment 


staff officer of higher rank. 

The other notable aspect of the SAC operations 
research office is the absence of written project reports, 
Since the end product of any operations research 
office is the direct service it gives to the commander 
and his staff, the communication of project results is 
best accomplished by means of a briefing or oral 
presentation. This policy thus faces up to the fact 
that a written report is seldom an ideal means of 
communication and at the same time avoids the pitfall 
of regarding a written report as an end in itself. 

Returning to military operations research in general, 
there are a multitude of different organizational 
structures that can probably be adapted to this field. 
But there are a few guiding principles that are in- 
dispensable to any such organization. First, the 
personnel must be skilled in scientific method; second, 
the organization must be imbued with the idea that 
there is a that a civilian scientific 
staff can render to a military commander; third, the 


distinct service 
military commander must have confidence and under- 
standing in what his operations research staff can and 
cannot do. If these requirements are met, much can 
be expected from military operations research. 


+ 


No. FF-17 Atomic Reactors (a symposium 
Member Price $1.25 


No. FF-16 Inertial Guidance by W. Wrigle 


Member Price $0.75 
No. FF-15 


Martin Aeronautical Lecture 
Member Price 


$0.50 


Nonmember Price 


IAS PUBLICATIONS AVAILABLE 


$1.75 


y, R. B. Woodbury, and J. Hovorka (This is a revised version 
of IAS Preprint No. 698, presented at the IAS 25th Annual Meeting, now out of print.) 
Nonmember Price $1.25 


Some Concepts and Problem Areas in Aircraft Flutter by |. E. Garrick, The 1957 Minta 


Nonmember Price $1.00 


ant 
air 
En 
bes 
19 
ar 
col 
rec 
en, 
ste 
ap 
co 
pe 
N 
el 
T 
al 
Ww 
t 
fi 
t 
t 
( 


tions 


Orts, 
inder 
Its is 
oral 
Lact 
IS of 
itfall 


eral, 
ional 
field. 
in- 
the 
ond, 
that 
tific 
the 
der- 


Ray D. Kelly, United Air Lines, Inc. 


Along with technical considerations, public opinion, ** psychological readiness,” 


and the economy into which the airplane will be projected are of great concern. 


Air-Line Technical Requirements Planning 


LINES’ management demonstrated its 
anticipation of the place of the turbine engine in 
air-line operations as early as 12 years ago. Our 
Engineering Development Section was instructed to 
begin an evaluation of turbine-engine potentials in 
1945. 
and different research centers in early 1946. 


We began making visits to engine manufacturers 
Some 
contacts were made with the military and it was 
recognized then that the adaptation of the turbine 
engine to civil operations represented a very major 
step from the standpoint of equipment and proper 
application. 

One of the first turbine engines proposed as having 
the General Electric 
In May and June of 1946 visits 


commercial possibilities was 
TG-100 turboprop. 
were made to the Martin Company and then, in com- 
pany with Martin engineers, we went to Schenectady, 
N.Y., to visit the General Electric Plant to study the 
possibilities of the installation of the TG-100 turboprop 
engine in a United Air Lines’ Martin 304 airplane. 
The possibility of such an installation was rejected 
after it became apparent that hot day and high-altitude 
performance of this turboprop suffered so much that we 
would not have any safe ‘“‘one engine out’ operation in 
This was the 
first time that it had been brought home to us that the 


this airplane with such a power plant. 


turbine engine suffers more power loss on a hot day 
than does the reciprocating engine. 

The first formal report of the Engineering Develop- 
ment Section concerning turbine engines is dated 
October, 1946. This study covered the different types 
of potential turbine power plants and defined those 
areas in which each of them seemed to have the best 
commercial possibilities. It is significant that in this 
report the turboprop, the turbojet, and the turbofan 
At that 
time it was believed that the turboprop would be the 


were all listed as having good potentialities. 


first power plant to be applied to air-line operation. 
Theoretically, it was efficient at moderate speeds and it 
seemed to promise much better fuel economy than the 
jetengine. The following is quoted from that report: 


The author is Superintendent of Technical Development. 


59 


“Whenever airplane cruising speeds at 450-700 m.p.h. 
at altitudes of 30,000—45,000 ft. become economically 
feasible in transport operation, turbojet engines will 
amount of 
engineering development and study will have to be 
made, however, before this era will arrive.” 


come into general use. A considerable 


It was recognized that the turbine fuels would be 
considerably different from aviation gasolines. Because 
of the lack of a high octane requirement they should 
be less costly and less volatile. Such a fuel would 
also represent certain improvements in safety, par- 
ticularly from the standpoint of ground handling. 

At that time the development of the turbine engine 
was just getting under way for military applications. 
The state of the art for both materials and design 
criteria was far from being advanced. The following 
were listed as major problems: 

1. The development of turbine materials to operate 
at high temperature under high stress. 

2. The development of combustion chambers to 
effectively burn the fuel cleanly and to stand up under 
high temperatures over long periods of time. 

3. The development of adequate control systems to 
regulate the fuel flow, 


excessive speed, and achieve optimum efficiency and 


prevent overheating and 
economy. 

In looking back over these 12 years, it is significant 
that materials development and the design criteria 
have improved immeasurably. These advancements 
have been achieved primarily under military sponsor- 
ship. Component efficiencies have now progressed to 
the point where they represent an acceptable com- 
mercial economic capability. 

The first commercial jet transport proposal was made 
1947. Interestingly enough it 
boasted a cruising speed of 540 m.p.h. at 30,000 ft. 
which is right in line with current thinking. 


to us in February, 
However, 
it was a smaller airplane having a take-off gross of 
145,000 Ibs. and carrying only 40 passengers and 
baggage plus 5,000 Ibs. of cargo. It required eight 
engines because at that time the maximum thrust 
ratings for jet engines were only on the order of 5,000 


Ibs. each. It had an operating range of about 2,000 


er 
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miles. Our studies of this airplane first demonstrated 
to us the high proportionate fuel costs for turbine 
powered aircraft. 

In February, 1947, we visited major engine manu 
facturers, Pratt & Whitney, Wright Aeronautical, and 
Allison. 
as to whether the turboprop or the turbojet would 


We found a considerable difference in opinion 


first be available for use by the air lines. The turbo 
prop represented a more logical first application for 
civil transports, but even in 1947 it was apparent that 
the military was going to place primary emphasis on 
the turbojet engine. This made it difficult for us to 
encourage any of the engine manufacturers to develop 
the turboprop for commercial applications. 

All during this time we were reading and hearing 
about the work which the British were doing. They 
believed that their wartime turbine power-plant 
experience properly qualified them to produce the 
first civil turbine-powered transports. There was no 
possibility for them to compete with American re 
ciprocating-engine-powered transports which were 
already in use throughout the world. Some eight or 
nine projects sponsored by the British Government and 
relating to the application of turboprop and. turbojet 
engines to commercial aircraft were undertaken, Of 
these, only the Viscount and the Comet came into 
actual service. 

In February, 1950, J. A. Herlihy, Vice-President, 
Engineering and Maintenance, accompanied by the 
writer and another member of his staff, made a trip to 
Europe for the purpose of studying European progress. 
During this trip, flights were made in the prototypes of 
the Vickers Viscount and the de Havilland Comet |. 

These flights were adequate to demonstrate to us the 
great future potentials of the turbine engine. We 
were particularly pleased with the low cabin noise 
level and freedom from vibration. We could not 
help but be elated with the higher speeds achieved with 
jet aircraft. 

The early contributions made by the British in the 
field of turbine-powered civil aircraft have been very 
important for the whole industry, and they are due 
much credit for having had the courage to undertake 
the pioneering work needed to demonstrate the effective 
ness of the turbine power plants, both turboprop and 
turbojet, in transport aircraft. 

After the European trip, United Air Lines began to 
make operational and economic studies of a number of 
proposed aircraft. American, British, and Canadian 
designs were studied objectively. Comparisons were 
made against our DC-6 airplanes. This exercise soon 
demonstrated that the jet transport could be expected 
to provide a greatly superior service which, for purpose 
of differentiation in United Air Lines, became designated 
as “Blue Ribbon” service, and the jet transport was 
referred to as the Blue Ribbon Transport. The turbo 
prop airplane showed good possibilities, too, but rather 
in the area of replacement for current piston-powered 
aircraft. 


However, these same studies indicated that the Blue 
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Ribbon Jet, to be economically feasible, must be fast, 
operate at high altitudes, and have fairly long-range 
capabilities. These limitations immediately made it 
obvious that the jet transport must be considerably 
larger than existing piston transports in order to carry 
sufficient payload to justify its use. 

Thus, in 1952, United Air Lines’ Technical Develop- 
ment Division began writing “‘Requirements for a 
Jet-Transport Aircraft.” Transcontinental nonstop 
range capabilities against winter winds with full pay- 
load was the initial criterion. 

A great many conferences were held with the air- 
craft and engine manufacturers. The overall problem 
as to proper aircraft size and performance was discussed 
with the engineers of other major air lines. 

No one had any very solid data on the operation of 
jet transports and little was known about the wind and 
weather conditions at the altitudes at which these 
flights would be made. The British were reporting 
reasonably satisfactory operations with their Comets 
but we felt that this did not provide an adequate 
basis for our studies. 

In 1952 it was decided to run a simulated day-in- 
day-out “Paper Jet’’ operation over United's system. 
A hypothetical airplane was designed conforming to 
United Air Lines’ requirements. The first simulated 
operation was started in June, 1952. The jet transport 
characteristics were as follows: 


Average Cruising Speed 545 m.p.h. at 
30,000—40,000 ft. 
22,500 Ibs. 
200,000 Ibs. 
140,000 Ibs. 
13,000 gals. 


Payload 
Take-off Weight 
Landing Weight 
Fuel Capacity 


Upper air data analysis was a most important aspect 
of this operation. A United Air Lines’ research meteor- 
ologist devoted his entire time to this program. It 
got under way in earnest in the latter part of 1952. 
Eventually, two transcontinental flights each way 
each day were operated. With the aid and cooperation 
of Dispatch personnel at San Francisco, Chicago, and 
New York, the daily operations were carried out as 
though the air line were actually flying the two 
round trips per day. One trip each way each day 
made a stop at Chicago, and the other flew nonstop. 
This paper jet exercise continued for something 
over a year. Some 608 flights were logged, and it 
brought out the following conclusions: 

1. The schedule reliability of jet transports should 
be as good or better minute-wise than that of current 
aircraft. For the nonstop westbound trips, the 
fastest trip was 45 min. early and the slowest 20 min. 
late. Eastbound the fastest trip was 35 min. early 
and the slowest 25 min. late. This was based on an 
SS per cent on-time schedule. 

2. The ability of the jet flight crews to take ad 
vantage of current weather knowledge is actually 
unproved in a jet airplane because the higher speed 
permits them to go further in a given length of time and 
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to plan flights more accurately because of the shorter 
time interval between point of departure and destina- 
tion. It was apparent that the so-called jet streams 
can be used to advantage at times. 

3. There was no particular difficulty with respect to 
planning for fuel reserves. It is true that every phase 
of fuel control must be precisely handled with a jet 
transport in order not to reduce payload or affect 
safety of operation. By carefully planning each day's 
flight on the basis of available knowledge of weather 
conditions, headwinds, temperatures, traffic, available 
payload, and the like, there should be no difficulty 
with our actual jet operations. 

4. The current meteorological information which 
is available at the 30,000—40,000 ft. levels, while not as 
comprehensive as that at lower levels, was nevertheless 
considered adequate for the initial planning and 
operating of jet transports. 

United’s management had indicated that there 
could be little serious interest in jet aircraft unless 
and until safety and economy, consistent with the 
levels of current reciprocating-engine-powered aircraft, 
could be reasonably expected. The extensive prior 
military operation of turbine engines of the types likely 
to be used for civil transports was the best assur- 
ance of power-plant integrity. The engines used in 
bomber airframes were at least an approximation of 
the transport configuration. 

But could a jet transport produce a ton-mile or a 
seat-mile as cheaply as the piston-engine-powered 
airplane? By what prodigious stretch of the imagina- 
tion could a jet engine, burning | lb. of fuel or more 
per Ib. of thrust per hour, compete with a piston engine 
requiring less than | 2 Ib. of fuel per horsepower per 
hour? The ability of the turbine to burn a some- 
what less expensive fuel was at best a minor com- 
pensating factor. 

To inerease our concern further, the manufacturers 
let it be known that a transcontinental jet transport 
would likely cost four to five millions of dollars or more. 
To United Air Lines’ management this appeared an 
iunpossible figure. 

The paper jet exercise had demonstrated that to 
carry an adequate payload transcontinentally nonstop, 
a much larger airplane than the DC-6 was mandatory. 
Further, our performance calculations had shown that 
the most efficient propulsive effort with the direct jet 
comes at speeds just below the significant rise in the 
drag curve. A reasonable average to use in calculations 
was taken as 550 m.p.h. average cruising. 

It began to be apparent that the product of the 
number of seats per jet airplane times the average 
block speed times the number of flight hours of utiliza- 
tion expected per year resulted in an amazing number 
or revenue seat-miles per year. Thus, it was readily 
demonstrated that one jet transport represented the 
transportation capability of some 15 DC-3 airplanes or 
about 3.5 DC-6's. 

But there was the question as to whether jet transport 
could effectively be used over United Air Lines’ 


system for as many hours per day or year as could the 
equipment then in service. Another study made in 
1954 related to the “Scheduleability of Jet Transport 
Aircraft.” This study was an application of the jet 
to the major segments of the United Air Lines’ System 
with allowances for servicing and equipment turn- 
arounds. Desirable departure and arrival times were 
maintained. The conclusions were that the greater 
speed of the jet worked out very well on our system, 
indicating at least as good hourly utilization as with 
airplanes then in service. The faster jet permitted a 
better utilization of the daylight hours because of the 
decreased time en route. This was an unanticipated 
advantage for both operator and passenger. 

Up until this time the primary initiative and respon- 
sibility for this program had been centered in the 
office of the Vice-President, Engineering and Main- 
tenance. But now every administration and division 
of the company became vitally interested in the 
potentialities and problems of jet transport operations. 
Once the technical advantages had been demonstrated 
and the economics seemed reasonable, the integration 
of this new concept of airplane into the thinking and 
planning of the air-line organization began to take place. 
It goes without saying that the aircraft builders had a 
very big part in spreading the good news. Their 
operating cost estimates were more optimistic than 
ours, and it now became important that some of their 
enthusiasm be tempered with realism. 

It then became the duty of the Engineering Division 
specialists to examine minutely every facet of the 
manufacturers’ proposals. Indeed these engineers, 
each in their respective fields of structures, power 
plants, controls, electrical equipment, instruments, 
hydraulics, passenger service equipment, flight per- 
formance, airport limitations, ete., often collaborated 
with the manufacturers’ project engineers early enough 
so that the detailed designs and selection of equip- 
ment were significantly influenced by air-line knowledge 
of day-in-day-out operating requirements. 

Of greatest importance in planning the successful 
integration of new aircraft into the air-line system is 
the potential market which can be anticipated for the 
period of introduction and during the effective life of 
the new equipment. The responsibility for this 
falls primarily on the Economic Controls Administra- 
tion. Their studies largely determine the number of 
units required and best routing applications. All 
such recommendations must be coordinated and modi- 
fied to anticipate the needs of the Sales and Traffic 
Administrations. 

But it is of no benefit to plan without the assurance 
of adequate funds. The Finance and _ Property 
Administration becomes intimately involved in_ the 
early serious planning. They accept and bear a very 
major responsibility in the entire picture. 

The new equipment must be operated and flown by 
the Transportation Services and the Flight Operations 
Administrations. Specifications and requirements must 


be closely coordinated and cleared with them. Every 
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TABLE 1 
Comparative Airplane Data 


1929 1959 
Boeing 80-A Douglas DC -5 
$ 85,000 $ 5,000, 
Maximum Takeoff Weight #.....csccecceccccevcvecces 17,500 250 ,000 
Airplane Weight Expty #... Covevccecccccccs - 124 ,1€ 
Wing Span, 60 139'- 
Wing Area, Sq.Ft. 1,220 2,759 
Overall Length, 56'-6" 150'-< 
Overall Height, - 
Fuselage Width, 634 
Cabin Pressure Differential 5s 
Puel Capacity, 500 17 
Passenger Seats (First Cla eeeccvcecoscsece 16 22 
Cargo Capacity, #. 
Space Payload.. 4,057 
Nonstop Range, Mi. 450 
Average Cruise Spe 120 
Landing Speed, MPH.. 55 l 
Takeoff Distance, Ft - 
Cruising Altitudes, Thousands of ° 1 to 10 25 to 
Power, Sen 3 ea. P&W Hornet 4 ea. JT- 
Takeoff Eng.@ 525 HP ea. @ 10,000 ¢ #Thru 


Utilization, Avg. Flight Mrs. 
Available Seat-Miles Per Year - Milli 
Ratio of Transportation Capability... 
Elapsed Time New York-San Francisco.. 

Prancisco-New York.. 
Number of Enroute 
One-Way Fare (First Class) t Tax 


other administration and department is likewise 
involved to a greater or lesser degree. 

In the final decision, the President, his General 
Staff, and the Board of Directors must have become 
convinced of the reasonableness and need for new 
equipment such as the Jet Transport Airplane. It 
is a major decision for the company, its stockholders, 
and its employees. 

In a serious long-range development and finalization 
of an advanced transport-aircraft program, the engineer 
fortunate enough to have been in on it from the first 
has an appreciation for the great number of variables 
which go into the equation of air transportation 
Most of these are indeterminate variables 
and change day to day, week to week, and year to 
year. Depending upon how he thinks and reacts, as 
well as what he knows, an 


progress. 


individual’s answet 
to problems of future aircraft applications, costs 
performance, and even safety cannot help but be 
biased. The results of his calculations, even by rather 
exact formulas, can be optimistic or pessimistic depend 
ing upon small but consistent shifts in the values used 
in the equation. This can be illustrated by a simple 
example. Suppose that six factors are involved in an 
equation, and one individual consistently underrates 
the true value of each factor to 95 per cent and another 
person is slightly more optimistic and just as consistently 
uses a value of 105 per cent. The sixth power of 
0.95 is approximately 0.735 as compared to 1.34 for 
Thus, in this illustration 
the final result can vary almost two times between 
individuals whose difference in judgment might be 


considered relatively insignificant in their analysis of 


the sixth power of 1.05. 


any of the individual factors. 

But the problem is not as easy of analysis as this 
because there is no way of assigning mathematical 
values or even defining many of the significant forces 
which affect the ‘time and tide’’ of aeronautical 
progress. 


These may be _ political, economic, and 


catastrophic events, human inertia, public acceptance, 
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or rejection. Timing, based on psychological readiness 
is all-important too. We simply recognize these 
factors as “intangibles” and must then depend upon 
and accept the judgment and/or intuition of those 
having the responsibility of decision. 

The engineer assigned the task of planning for the 
future must recognize and acknowledge the certain 
He must know that 
even those factors of his equation which can be assigned 


influence of these intangibles. 


definite values today will have different values for and 
during the period for which he is planning. 

This represents a frustrating experience for the 
engineer. His training has always emphasized analysis 
and accuracy based on known or measurable quantities. 
His textbooks 


When asked to solve a problem involving futures, he is 


always developed exact answers. 


expected to give a precise solution. As an engineer, 
he is not likely to admit that, at best, his answer will 
But certainly this is 
the case, and the exercise will need to be redone, 


only be a first approximation. 


almost before the first approximation is completed, 
because of changes already operating in so short a 
period of time. 

After a while the development engineer realizes 
progress is not possible without this constant change. 
His calculations will not define a plateau but rather a 
stepping stone, useful for the moment in providing 
a surer pathway to the future. 

This repetition of efforts and constant realignment of 
sights can become a frustrating experience until one 
learns of the necessity for it. Sometimes the repetition 
is done only because it is of assistance in the communica- 
tion of an important idea or relationship to others, who 
can now use it as a helpful stepping stone. 

By occassionally looking backward, one is better 
able to contemplate the potentialities of the future. 
It is not meant to imply that by reviewing the past 
one can calculate the exact form and detail of the 
future. Rather, he will thereby recognize how much 
more quantitative progress has been achieved today 
than could have been computed, based on the state of 
the art, at some significantly earlier date. 

For example, let us go back to 1929 when the Boeing 
Model 80-A trimotored airplanes were first introduced 
on Boeing Air Transport System between Oakland 
and Chicago. They were the first airplanes on which 
stewardesses were to be employed in the following year, 
reflecting the early desire to cater to passenger comfort 
and convenience. They were contemporary with the 
Ford and Fokker trimotored airplanes. These new 
transports, to many people, represented a definite 
plateau of service, probably an ultimate. No one 
dared or could have proposed or imagined the jet 
transports of 1959 destined to be operating 30 years 
later. They could not then have visualized the 
DC-6's, and 
achieved in less than 20 years, or even the DC-3 coming 


pressurized Boeings, Constellations 
in some 7 short years. 

To illustrate further the span of progress achieved, 
it may be well to compare the physical and performance 
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characteristics of the Boeing SO-A and Douglas domestic 
DC-8. See Table 1. 

It is a startling revelation that one DC-S8 has the 
sane passenger transportation capacity as 63.5 Boeing 
g0-A’s. It is also significant that at $85,000 each, 
63.5 Boeing SO-A’s would have cost 5.4 million dollars 
in 1929 currency. 

To develop the same air lift as one DC-S jet transport, 
the equivalent 63.5 Boeing SO-A trimotored transports 
would be generating 62,000 hp. (at 325 hp. per engine 
in cruising flight). It is confusing to compare the 
“thrust” of jet engines with “‘horsepower’’ of reciprocat- 
ing engines, but a rough equivalent horsepower for 
the DC-S cruising at 30,000 ft. would be 29,000, or 
less than half. 


From the standpoint of fuel consumption, a similar 
S0-A’s would have 


comparison reveals that the 63'/» 
consumed 6,700 gal. of gasoline per hour as contrasted 
to the one DC-S’s cruising fuel consumption of 1,900 


gal. per hour at 30,000 ft. 


All of these comparisons reveal the amazing and 
generally unpredictable engineering advancements which 
will have been made from 1929 up to and slightly 
beyond the present time. The jet airplane is a machine 
tool having an enormous capacity to produce our 


products of passenger-miles or ton-miles. It is ob- 
vious that the S0-A and the jet do not produce 
equivalent products. The value or quality of the 
jet product from the standpoint of timesaving and 
comfort is far greater than the best which the S80-A 
could produce. On the other hand, the jet cannot be 
expected to operate economically in the short-haul 
market to which the SO-A was limited. 

The author believes that this example of air trans- 
port progress during the past 30 
years is a significant indication of the accelerating 


achievement 


tempo which is technically possible during the next 
30 years. Yet our engineers are no more capable 
today of visualizing the exact state of the art in 1989 
than it was possible in 1929 to write a set of Jet Trans- 
port Requirements for equipment to be flown in 1959. 

Surely, intangibles and indeterminate variables will 
plague and frustrate the engineers of the new era the 
saime as in the past. So very much will depend upon 
the public knowledge and appreciation of the benefits 
of still further advances in transportation. There 
must be an enthusiasm for it and a recognition that all 
such progress is expensive and requires great effort 
and imagination. The engineers will plan, calculate, 
and recalculate, just as they have in the past, to 
develop the stepping stones of progress. 


Non- 

Member member 

No. Price Price 

FF-17 Atomic Reactors (a Symposium). $1.25 $1.75 
FF-16 Inertial Guidance—W. Wrigley, R. 
B. Woodbury, and J. Hovorke 
(revised version of IAS Preprint 

No. 698). 0.75 1.25 
FF-15 Some Concepts and Problem Areas in 
Aircraft Flutter—I. E. Garrick, 
The 1957 Minta Martin Aero- 

nautical Lecture. 0.50 1.00 
FF-14 Engineering Management Philosophies 

(a Symposium) 0.50 1.00 
FF-12 Transonic Testing Techniques (a Sym- 

posium) 1.85 2.50 
FF-11 Wetted Area and Center of Pressure of 
Planing Surfaces at Very Low Speed 
Coefficients—Experimental Towing 

Tank, Stevens Institute of Technology. 1.20 1.60 


FF-10 = Improved Solutions of the Faulkner and 
kan Boundary-Leyer Equation—A 
M. O. Smith. 0.75 1.25 


FF-9 A Hydrodynamic Study of the Chines- 
ry Planing Body—Experimenta! 
Towing Tank, Stevens Institute of 


Technology 1.20 1.60 
FF-7 Natural Flight and Related Aeronau- 
tics—James L. G. Fitz Patrick 9.65 3.50 


FF-4 Finite Deflections of Curved Sandwich 
Plates and Sandwich Cylinders—f 


K. Teichmann and Chi-Teh Wang 0.50 0.85 
FF-3 The Penetration of a Fluid Surface by a 

Wedge—Experimental Towing Tank, 

Stevens Institute of Technology. 1.20 1.60 


FF-2 A Study of the Flow, Pressures, and 
Loads Pertaining to Prismatic Vee- 
Planing _ Surfaces — Experimental 
Towing Tank, Stevens Institute of 


Technology. 1.20 1.60 


AHS-1 Helicopter Flight Research at NACA, 
Langley—Jack P. Reeder 0.35 0.75 


286 Linearized Treatment of Supersonic 
Flow Through Axi-Symmetric Ducts 
with Prescribed Wall Contours 
Charles E. Mack, Jr., and Ignace | 
Kolodner 0.75 1.25 


Sherman M. Fairchild Publication Fund Papers 


Papers should be ordered by number from: Special Publications Dept., IAS, Inc., 2 East 64th St., N.Y. 21, N.Y. 


Non- 
Member member 
No. Price Price 
244 Wetted Area and Center of Pressure of 
aning Surfaces—Experimental 
Towing Tank, Stevens Institute of 
Technology. $0.75 $1.00 


229 Wave Profile of a Vee-Planing Surface, 
Including Test Data on a 30° Dead- 
rise Surface—Experimental Towing 
Tank, Stevens Institute of Technol- 
ogy. 1.20 1.60 
170 Wave Contours in the Wake of a 10° 
Deadrise Planing Surface—Experi- 
mental Towing Tank, Stevens Insti- 
tute of Technology. 1.20 1.60 
169 The Discontinuous Fluid Flow Past an 
Immersed Wedge—Experimental 
Towing Tank, Stevens Institute of 
Technology. 0.75 1.00 
168 Wave Contours in the Wake of a 20° 
Deadrise Planing Surface—Experi- 
mental Towing Yeh, Stevens Insti- 
tute of Technology. 1.20 1.60 
167 On the Pressure Distribution for a 
Wedge Penetrating a Fluid Surface— 
Experimental Towing Tank, Stevens 
Institute of Technology. 0.75 1.00 
166 An Analysis of the Fluid Flow in the 
pray Root and Wake Regions of 
Flat Planing Surfaces—Experimental 
Towing Tank, Stevens Institute of 


Technology. 1.20 1.60 
165 Theory and Practice of Sandwich Con- 
struction in Aircraft (@ Symposium). 1.85 2.50 


126 External Sound Levels of Aircraft—R 
L. Field, T. M. Edwards, Pell Kangas, 
and G. L. Pigman. 0.75 1.00 


106 Measurement of Ambient Air Tempera- 
ture in Flight—W. Lavern Howland 0.35 0.50 


104 Tensor Analysis of Aircraft Structural 

Vibration—Charles E. Mack, Jr 1.85 2.50 
102 Electrical Resistance Strain Gages Ap- 

plied to Wind-Tunnel Balances— 

Elmer C. Lundquist 0.60 0.80 
101 Introduction to Shock Wave Theory— 

J. G. Coffin. 2.65 3.50 
100 Blade Pitching Moments of a Two- 

Bladed Rotor—R. W. Allen 0.75 1.00 
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IAS News (Continued from page 21) 


@ Amphenol Electronics Corporation has 
announced what it calls a new concept of 
lateral acting mating in oblong connectors 
with 15 butt-type contacts in which inter- 
connecting equipment is fastened via a 
sliding action. 

e Arma, a Division of American Bosch 
Arma Corporation has begun a moderniza- 
tion program at its Garden City, N.Y., 
plant, the firm says, to provide the most 
advanced electronic assembly 
turing facility in the east. 


manufac 


e Avien, Inc., has announced the appoint- 
ment of Seymour Rabinowitz as Engineer- 
ing Manager. Mr. Rabinowitz had been 
Supervising Engineer, Atomic Engineering 
Branch, Chief of Product Engineering, 
Picatinny Arsenal, Dover, N.J. 


@ Beech Aircraft Corporation has an 
nounced delivery of six Beecheraft H35 
Bonanzas to Central American Airways 
Flying Service, Inc., for use in U.S. Army 
instrument flight training. 


@ Bendix Aviation Corporation has bought 
stock interest in Poroloy Equipment, Inc., 
Van Nuys, Calif., from the National 
Standard Company. Poroloy is the trade 
name for a porous stainless steel used 
where high temperatures are involved. 
Charles C. Tillinghast, Jr., has joined the 
firm as a Director, member of the Adminis 
tration Committee, and Vice-President in 
charge of foreign investments and plants, 
Seintilla Division has announced a 
new high-frequency ignition system for the 
largest aircraft piston engines said to pro 
vide faster sparking action and to give 
greater resistance to spark plug fouling and 
erosion. ... Radio Division has developed 
a dual automatic direction-finding unit, 
labeled the DFA-70, for Air France Cara 
velle aircraft. The division also has de 
veloped what it calls the first reusable con 
tainer to be used by an aviation electronics 
manufacturer in regular production ship 
ping... J. Allan MacLean has been ap- 
pointed Assistant Group Executive of the 
corporation and will be in charge of the 
Products Division. 
@ Boeing Airplane Company reports a 
study to determine the effects of radiation 
on transistors in the Bomare missile has 
been under way for several months. Tests 
have been conducted near atomic pile 
sites at Arco, Idaho, and Los Alamos, 
N.M....Transport) Division specialists 
earrying out a study of domestic air-line 
traflic predict it will increase four and 
one-half times between 1955 and 1965 


The firm has announced open commit 
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Convair's F-102A is shown releasing a salvo of 24, 2.75-in. folding-fin rockets during test 


firing at Holloman AFB. 


fiery exhaust is only momentary. 


ments from Boeing to thousands of other 
firms totaled $6.5 million for the first 6 
months of 1957. Varig Airlines of Brazil 
have ordered three Boeing 707 jet aircraft, 
the firm announced 

Aeronautical Laboratory, Inc.» 
held a symposium on complex instru 
mentation neces for high-speed flight 
in September, which was sponsored by the 
Called 


sium, the meeting was 


Navy's Bureau of Aeronautics 
an Air-Data Symp 
classified and covered current problems, 
techniques, requirements, and hardware 
developments. Nineteen technical papers 
were delivered 

@ Douglas Aircraft Company, Inc., has 
announced that captive firings of the Thor 
IRBM missile have been scheduled near 
Sacramento, Calif The firings will take 
place at a new joint Douglas-Air Force test 
site El Segundo Division reports Navy 
pilots have flow1 
A4D-1 aireraft 
test site to determine blast and thermal 


specially instrumented 
it the Nevada atomic bomb 
responses of the ine to nuclear explo 
Division e1 


sions gineers have developed 


a portable electric bomb hoist said to weigh 


only 47 Ibs. and to lift up to 2,500 Ibs. at 


15 ft. per min. with accurate loading up to 
13 ft. with 1/32 of an inch. The firm’s 
General Offices ve announced plans to 
build a new commercial jet training and 
publications center at a 39-acre Santa 
Monica  Divisi« ite Los Angeles 


County 


Bendix Aviation Corporation Products 
Division has announced a new, nonelectric 
antiskid device (shown in the exploded 
view) said to prevent aircraft wheels from 
locking and sliding when brakes are applied. 
The firm reports the unit is installed on each 
braked wheel and operates independently, 
cycling only when the wheel it controls 
decelerates because of wheel slippage. 


DECEMBER, 


coat of gray enamel resists corrosion from the rocket blast whose 


e The Dow Chemical Company has an- 
nounced the promotion of Robert Pittsley 
from magnesium salesman to magnesium 
sales supervisor, Detroit territory 


e Eastern Air Lines, Inc., has inaugurated 
daily nonstop flights between New York 
and Mexico City using DC-7B aircraft 
with first-class configuration 


e The Garrett Corporation has opened an 
office in Geneva, Switzerland, and moved 
its New York City office to new quarters 
at its Aero Engineering Division building, 
220 Old Country Road, Mineola, N.Y 
AiResearch Manufacturing Division of 
Arizona has announced a new air motor 
said to operate at 1,000°F. with no con 
ventional lubrication or cooling Phe 
division also is flight testing an F-101B in 
side a giant altitude chamber simulating 
50,000 ft. and under extreme high and low 
The division's new pneu 
controls building formally 
The AiResearch Aviation Serv 
ice Division has moved its sheet metal 
fabrication department out of its former 
location providing 16,000 ft. of additional 


temperatures 
matic 
open d 


hangar space at its Los Angeles Interna 
tional Airport facility. 


General Dynamics Corporation lias 

nounced a merger with The Liquid Car 
bonic Corporation which has become the 
Liquid Carbonic Division of the parent 
firm Convair Division (San Diego 
has scheduled cold weather tests at Mt 
Washington, N.H., for the 880's CJ-805-3 
jet engines SAC Commander Gen 
Thomas S. Power has made a familiariza 
tion flight in the B-58 at Fort Worth. Five 
military air bases in the Texas-Oklahoma 
New Mexico area have been designated as 
alternate B-58 landing fields. Dudley H 
Digges has been appointed Special Assist- 
ant—-Convair 880 Jet Transport Project 
at San Diego. Robert E. Honer has been 
named Chief Electronics Engineer of the 
division. The San Diego parts sales de 
partment, formerly under the contracts 
office, has been transferred to operations 
Sixteen Air Force specialists took part ina 
human engineering study of ICBM missile 
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THE VITAL DIFFERENCE 


LOGIC 


RELIAEILITY 
for high temperature 
Fluoroflex-T Hose 


HERE AT LAST=THE IDEAL FIELD ATTACHABLE FITTING: 
Triple-locked to hose — cannot blow off. 
Dynamically sealed — not once, but twice — cannot leak. 
Tamper-proof — cannot be loosened accidentally or by vibration. 


WILL PERFORM AS DEPENDABLY AS IF FACTORY ASSEMBLED 
by trained mechanic under closest supervision — yet 
Easily assembled — flared skirt on socket protects hose and hands. 
Needs no special skills—no torque wrench required. 
Foolproof — parts fit only one way — the right way. 


AND IT IS TRULY REUSABLE AGAIN AND AGAIN 
Hardened parts keep extra safety factors intact. 
Lines made with Seal-Lock Fittings which have been disassembled and 
reassembled many times still function as well as originally. 


ANOTHER PRODUCT OF RESISTOFLEX INGENUITY, 
to the standards of Resistoflex Reliability, 
for yoursafety and that of your customers! 


Send for Bulletin RF. 
And remember, Fluoroflex-T hose assemblies are now available 


with either reusable or permanently attached fittings. 
® Fluoroflex is a Resistoflex trademark, Reg. U.S. Pat. Off. *Trade Mark Patent applied for. 


CORPORATION 
Roseland, New Jersey - Western Plant: Burbank, Calif. » Southwestern Plant: Dallas, Tex. 
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Lockheed Aircraft Corporation's JetStar utility transport is designed to carry 10 


passengers 1,700 miles at 500 m.p.h., according to the firm. 


long, 53-ft. wing span, two Bristol 


Statistics: 58 ft. 


rpheus engines providing 10,000 Ibs. thrust, 


and a 500 m.p.h. cruising speed at 40,000 ft. The wing is swept 34 degrees along 


the leading edge and has a 523-sq.ft. area. 


This prototype is aimed at the military 


market, Lockheed says, but also will be available for commercial users if a de- 


mand develops. 


propellant handling conducted at March 
AFB by, Convair-Astronautics engi- 
neers... .Stromberg-Carlson Division has 
announced promotion of the following ex 
ecutives in the Division: 
Douglas W. Anderson, now Assistant to 
the Vice-President; P. R. Sultzbach, now 
Production Manager; and William F. 
Hafstrom, now Manager, Marketing 
Industrial Products. 

e@ General Electric Company, Aircraft Gas 
Turbine Division, Small Aircraft Engine 
Department has established a T64 Project 
for the design and development of an air 
craft gas turbine in the 2,600-hp. class for 
the Navy. The department is using what 
it calls the nation’s first automatically 
programed resistance welding machine to 
weld tabs on cylindrical liners for jet en- 
gines The Jet Engine’ Department 
placed on display in Chicago, Ill, the 
firm’s CJ-S805 jet engine, the commercial 
version of the J79 military engine that will 
power the Convair 880. John H. Baker 
has been named department Manager of 
Marketing. Jack S. Parker (AF), Vice 
President and General Manager of the di- 
vision, has been named Vice-President, 
Public and Employee Relations for the 
Company. John B. 


Electronics 


Montgomery has 
been appointed Division General Man- 
ager.... Defense Electronics Division, 
Light Military Electronic Equipment De- 
partment has announced a new light- 
weight, integrating rate gyro with a newly 
developed self-contained temperature con- 
trol said to operate on the heat-of-fusion 
principle and to maintain a temperature 
of 80°C. with a tolerance of 1/3 degree. 

Apparatus Sales Division has published 
Bulletin GEN-169, Thymotrol Adjustable 
Speed Drive Selector, a slide-rule-type 
plastic device for selecting the proper 
motor, control panel, and operator's sta- 
tion of general-purpose Thymotrol adjust- 
able speed drive. The Instrument De- 
partment has announced what it calls the 
first lightweight, low-price compass system 


A four-engine version also is scheduled. 


with an electrically driven, panel-mounted 
gyroscope for business aircraft 

e General Precision Equipment Corpora- 
tion, General Laboratory In- 
corporated has published a catalog on its 
new Model PD-500 Closed-Circuit Tele- 
vision Camera obtainable from the firm at 
63 Bedford Road, Pleasantville, N.Y 
Kearfott Company, 
availability of an 


Precision 


Inc., has announced 
all-electronic chopper 
said to contain no moving parts and to 
have a minimum operating life of 5,000 
hours. The firm 
new positions: 


also named five men to 
Frank J. Delves to Direc 
tor of Sales; Eugene T. Ferraro to Direc 
tor of Winton Smith to 
General Sales Manager; Joseph O’Brien to 
General Service Manager; and Charles H 
Wheately to Manager, Advanced Planning 
e G. M. Giannini & Co., Inc., has an- 
nounced two new products —a temperature 
probe conforming to MIL-P-25726, des 
ignated Model 49147, said to utilize a 
resistive sensing element to measure 
accurately stagnation temperature over the 
range of 70°C. to +850°C. and at 
speeds to Mach 1.5; and a_ split-wedge 
transducer for angle-of-attack measure 
ments to Mach 8, conforming to MIL-T 
25627 (USAF designated Model 2562, 
said to provide accurate angle-of-attack 
information at all speeds and altitudes 
throughout a wide operational range. 

e The B. F. Goodrich Aviation Products, a 
Division of The B. F. Goodrich Company, 
has purchased land and buildings formerly 
owned by West Coast Loading Company 
at Rialto, Calif., for use in rocket propel 
lants research. Murray C. Bartlett has 
been named Manager of Product Engineer- 
ing. 

e@ The Goodyear Tire & Rubber Company 
Aviation Products Division has developed 
a foot-thumping warning device (a skid 
warning system) which is said to sense an 
impending skid and warn the pilot by 
rapping the bottom of his foot with a 
plunger. 


Service 


DECEMBER, 


e Grumman Aircraft Engineering Corpora- 
tion has appointed three distributors to 
handle marketing of the firm’s commercial 
transport ‘‘Gulfstream.”’ They are Atlantic 
Aviation Service, Inc., Philadelphia, Pa,- 
Pacific Airmotive Corp., Burbank Calif, ; 
and Remmert-Werner Corporation, St, 
Louis, Mo. The plane will sell for $700,- 
OOO-—with electronic, radio, and other in- 
terior equipment to be installed by the dis- 
tributors, Grumman announced 


@ Kelsey-Hayes Company has announced 
the Heintz Manufacturing Comipany of 
Philadelphia, Pa., will be operated as one 
of its divisions, by agreement of both firms, 


e Walter Kidde & Company, Inc., is per- 
forming radiological survey of soil, 
water, air, and biological conditions in the 
vicinity of Industrial Reactor Laboratories 
Test Reactor being built by AMF Atomics 
near Plainsboro, N.J. The survey is be- 
ing made by Kidde Nuclear Laboratories, 


@ Lear, Incorporated reports that work on 
its advanced instrument panel for the Air 
Force is in its second stage. The Lear 
“Whole Panel” development program is 
part of the Wright Air Development Cen- 
ter broad cockpit improvement program. 
The firm also announced that it is supply- 
ing the air inlet control for Republic’s F- 
105 Thunderchief....LearCal Division 
engineers have developed a gyro drift re- 
corder Model 2249, said to detect, indi- 
cate, and record with extreme accuracy 
the minute increments of drift in high-pre- 
cision gyros. ...Lear-Romec Division has 
portable submersible axial 
flow bilge pump, designed to permit pas- 
sage through a 4-in. diameter hole and said 
to pump sea water at temperatures ranging 
from —10°F. to +130°F. at a rate of 85 
g.p.m. at a 20-ft. head of water (8.65 psi 


developed a 


e C. W. Lemmerman, Inc., has granted 
manufacturing rights to its new lightweight 
portable jet-engine sound suppressor to 
Air Logistics Corporation of Pasadena 


@ Lockheed Aircraft Corporation, Missile 
Systems Division is investigating the use 
of nuclear power to propel missiles with 
the help of a new three million volt Van de 
Graaff positive ion accelerator. Research 
will cover nuclear structure, reactor design, 
radiation shielding design, and material 
damage. The 40-ft. tall X-17 rocket is on 
a nationwide Air Force tour said to be the 
first ballistic vehicle exhibited 
country. 


icross the 
Division scientists report they 
have achieved high-velocity shock waves 
which reached speeds of more than 100,000 
m.p.h. along a specially designed, ad- 
vanced hydromagnetic shock tube. The 
research is providing data on the flow of 
highly ionized gases at extreme Mach 
Numbers and temperatures. Rolf K. M. 
Landshoff, division Consulting Scientist, 
has compiled in one volume the research 
work of eleven United States and British 
physicists and astronomers in the field of 
the 
sciences of fluid flow and electromagnet- 
ics Georgia Division reports comple- 
tion of in-flight refueling tests with the C- 
130 at Patuxent River, Md. Two of the 
Hercules transports have been delivered 
to the 317th Troop Carrier Wing in France. 
Division sales is being reorganized to place 
greater emphasis on Jetstar and C-130 
commercial business, with W. G. Myers 


Toc 

ingl 

ther 

intc 

tim 

Des 

fit 

cos 

r 

pre 


per- 
soil, 


the 
ati Ties 
tomics 

1S be- 


Ltories, 


ork on 
he Air 

Lear 
ram is 
t Cen 
gram, 
upply- 
ic’s F- 
ivision 
riit re 

indi 
curacy 
sh-pre 


AERONAUTICAL 


ENGINEERING R, 


67 


A. O. Smith's exclusive 


process shows way to conservation 


of critical metals . 


saves 


thousands of dollars on fabrication. 


A-286 alloy ring for a finger of flame 


Today, products are becoming increas- 
ingly complicated and costly. Further, 
there’s mounting pressure to put them 
into production in the shortest possible 
time. 

That’s where E.D.O.S. (Engineered 
Designs for Optimum Structures) may 
fit into your picture — speed-wise, 
cost-wise. 

This A. O. Smith process consists of 
precision forging and contour rolling 


can be shaped.. 


followed by flash or fusion welding. With 
it, even the most difficult-to-work metals 
. quickly fabricated in- 
to the parts you need with only mini- 
mum finish machining (in most cases). 
There's no wasted metal, no need for 
expensive successive machining opera- 
tions to “whittle” a part down to size. 
Parts cost savings of up to 70% have 
been reported. 

A.O. Smith’s 9,000-ton, single-action, 


E. D. O. S. applied to a jet engine case 


The process begins with 4 high 
nickel alloy blanks—saving over 
50% in costly material over con- 
ventional processes. 


The second step involves pre-forg- 
ing and an initial roll to form a 
piece of this configuration. 


..and the 4 quadrants are 
Then, the pre-forged and rolled flash- welded to form the finished 
blanks are formed into quadrants. part. Relatively small machining 
iob still needed is done by the 
customer, 


Through research 


precision-forging press is the only one 
of its size in the country. And their 
1,800-ton contour rolling mill is also the 
only one of its type and size in the 
country. 

Since World War II, E.D.O.S. has 
helped make A. O. Smith a major sup- 
plier to the aviation, rocket, missile and 
related industries. A. O. Smith products 
are currently helping to accelerate the 
VANGUARD project. 


WRITE TODAY 

FOR FREE 
ILLUSTRATED 
BOOKLET. 
AA Bulletin 1-17-4 — 


complete with technical 
details. You're also 
invited to arrange for a 
showing of a 16-mm. 
sound-color film about this 
remarkable process. 


C4 


...@ better way 


AO.Smith 


AERONAUTICAL DIVISION 


Milwaukee 1, Wisconsin 


0. Smith International S.A., Milwaukee 1, Wis., U.S. A. 
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FIGHT VIBRATION 


WITH VIBRATION 


New twist in testing 
...a torsional exciter 


ORSIONAL testing has been done 

with rectilinear motion shak- 
ers by applying ingenuity in 
linking table to specimen. But 
here’s a new MB exciter that 
produces torque directly. Its 
performance characteristics per- 
mit you to use it as a calibrator 
for torsional pickups and accel- 
erometers as well as for 
testing gyros and relays (as 
examples), or checking torsional 
vibrations of armatures, or de- 
termining torsional modes in 
various rotating parts. 


OPERATING FACTS 


At free-table, no load, this MB 
Model CA 1050 Exciter oscil- 
lates at up to 1600 cps without 
resonance in moving elements. 
It develops 110 ft. lbs torque, 
which produces angular acceler- 
ations as high as 1570 radians 


sec/sec. Maximum total dis- 
placement is 45. 


A MATCHED SYSTEM 


Any one of several MB elec- 
tronic power supplies drives the 
equipment, depending on the 
specific frequency range, power, 
and performance you want. The 
MB Model T51 Power Supply 
shown comes with automatic 
cycling controls if desired. 


SEND FOR DETAILS 


Technical data available. And 
for more information on how and 
where to use this unusual equip- 
ment, contact our staff of vibra- 
tion specialists. You can’t come 
to a better qualified authority 
on the subject nor to one 
more willing to help on your 
specific vibration testing prob- 
lems. 


manufacturing company 


A DIVISION OF TEXTRON INC. 
1073 State Street, New Haven 11, Conn. 


HEADQUARTERS FOR PRODUCTS TO ISOLATE... EXCITE . 


. AND MEASURE VIBRATION 


DECEMBER, 19:57 


named Sales Director and R. I. Mitchell 
promoted to Sales Manager. A 90-ton 
testing machine for applying tension or 
compression loads up to 600 tons for eval- 
uation of C-130 structural parts has been 
installed by the division. Paul K. Senter 
has been named Chief Master Scheduler 
and Alvan L. Hall, B-47 Chief Project 
Coordinator. The firm reports Ansett/ 
Australian National Airways pur- 
chased four Electras, and Pacific South- 
west Airlines, three Electras. 

@ The Martin Company has presented 
what it calls the first completely integrated 
missile system to an Air Force Develop- 
mental Engineering Inspection team of 
100 members at Baltimore. The TM-76 
Matador system contains the missile, its 
launcher, a prime mover, test equipment, 
and ground handling equipment 


Minneapolis-Honeywell Regulator Com- 
pany has named Richard A. Brown Man- 
ager, Service Engineering, at the firm’s new 
inertial guidance plant in St. Petersburg, 
Fla 

® Norden-Ketay Corporation has an- 
nounced the move of its Precision Com- 
ponents Division and Gyromechanisms 
Division into new quarters at Commack 
and Huntington Station, N.Y. Two new 
bulletins issued by the firm describe a 
BCT-300 transistor curve tracer and Flor- 
ida Gear Division capabilities and facilities, 
Copies are available from Norden-Ketay 
at Commerce Road, Stamford, Conn. A 
new test set for flight-line testing aircraft 
pressure instruments and systems has been 
developed by the firm. The set is said to 
simulate two types of temperature probes 
and generates selected pilot and_ static 
pressures facilitating flight-line checking of 
several instruments 

e North American Aviation, Inc., Auto- 
netics Division has announced successful 
functional and environmental tests of its 
electromechanical components for guid- 
ance and control systems at altitudes of 
90,000 ft. 

@ Northrop Aircraft, Inc., has created a new 
division called Nortronics for handling the 
firm’s activity in the design, development, 
and manufacture of electronic, electro- 
mechanical, and optomechanical products 
and components. The firm also an- 
nounced that it has developed a new type of 
captive fastener for use on electronic sub- 
assemblies and given the manufacturing 
rights to the Moran Company of EI Se- 
gundo, Calif. 

e Nuclear Development Ccrporation of 
America has designed what it calls a new 
and significant contribution to nuclear en- 
gineering, an Electrolytic Analogue Com- 
puter, to supply researchers with essen- 
tial information about heat conditions in 
the interior of nuclear reactors. Designed 
for Pratt & Whitney Aircraft, United 
Aircraft Corporation, the computer is 
said to set up an analogous situation in 
which measurements of electric current 
and voltage in an electrolytic liquid are 
comparable to conditions of heat flow and 
temperature in corresponding locations of a 
reactor 

© Pacific Scientific Aeroproducts has com- 
pleted a new plant in Anaheim, Calif, 
and reports it is now producing such air- 
craft components as cable tension regula- 
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| Flyweight | 
Jockey for a 
High-flying 


Boom... 


The Boeing KC-135 jet tanker is the USAF’s first 
production plane capable of in-flight refueling of 
supersonic bombers and fighters at jet speeds and altitudes 
To maneuver the mighty tanker’s refueling boom with 
pin-point accuracy, Boeing development engineers designed 
a lightweight, pivoting “Ruddevator”’...a 30 x 60 inch 
honeycomb sandwich control surface. 
A critical problem in the design of the uniquely efficient 
sandwich structure was the selection of a structural 
adhesive to splice the several sections of internal core 
as well as to bond the skins to the core. Obviously, the 
adhesive would have to withstand enormous 
operational punishment including severe sonic buffeting 7 
The adhesive selected for this crucial task: PIONEERING 
Narmtape® 102... formulated specifically with non-brittle 
elastomeric constituents to provide unmatched 


THROUGH RESEARCH 


fatigue resistance under highest stress and vibration. 

The KC-135 Ruddevators’ more than 200 hours 

of trouble-free service life are further testimonial to 

the ability of Narmco adhesives to perform 

under rugged operational requirements. fabrication data on NARMCO structural adhesives. 
Facing a structural bonding problem? Let Narmco’s Narmco technical field representatives 


d : . throughout the United States and Canada can 
outstanding family of sandwich and metal-to-metal adhesives asking your 


point the way to an economical, performance-test solution! problems quickly, efficiently, economically. 


NARMCO RESINS & COATINGS CO. DEPT. S-17, 600 VICTORIA STREET, COSTA MESA, CALIFORNIA 


LOS ANGELES SEATTLE FORT WORTH DAYTON TULSA PHILADELPHIA TORONTO 
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Vertol Aircraft Corporation has announced it is flight testing an Army H-21D 


helicopter powered with two General Electric T-58 turboshaft engines. 
tion models are powered with a single piston engine. 


Produc- 


Vertol says the two new 


engines should increase payload by 40 per cent and speed by 50 per cent. 


tors, guidance and control instruments, 
and its new “SAF-T-MATIC” aircraft re- 
straint system 

e Pan American World Airways, Inc., has 
announced one of its Stratocruisers has 
made the first commercial flight to the 
Antarctic in history, carrying Navy per- 
sonnel to MeMurdo Sound John B. 
Gates has been elected Vice-President, 
Finance Latin American Division has 
installed a telephone tie-line between 
Havana and Miami to facilitate reserva- 
tions for continuing flights from = cither 
point. 

@ The Ramo-Wooldridge Corporation, 
Computer Systems Division has developed 
a new transistorized electronic digital con- 
trol computer for collecting and analyzing 
experimental data and controlling experi- 
mental runs in test facilities such as wind 
tunnels, structural and engine test stands, 
and flight tests. Designation is RW-300. 
It was specifically designed to control a 
wide variety of manufacturing processes, 
where process instruments are read auto- 
matically by the computer and adjust- 
ments made automatically on the basis of 
calculations, according to the firm. Three 
new Vice-Presidents elected by the com- 
pany are Ruben F. Mettler, Associate Di- 
rector, Guided Missiles Research Division; 
Burton F. Miller, Director, Communica- 
tions Division; and Milton E. Mohr, 
Group Director, Control Systems and 
Boston Divisions. 

® Reaction Motors, Inc., has named J. F. 
Harrigan Manager, Dayton liaison office, 
jointly maintained by RMI and Olin 
Mathieson Chemical Corporation. 


® Republic Aviation Corporation has in- 
stalled electronic test equipment said to 
“look through” steel, aluminum, and ti- 
tanium to locate internal flaws before the 
metals are used in aircraft. The unit in- 
cludes an ultrasonic immersion tank with 
mechanized search-unit positioning equip- 
ment, electronic ‘flaw detection’ equip- 
ment, and a bridge crane for material han 
dling. The firm also announced the start 
of construction of a $1.2) million, 3,000 
m.p.h. wind tunnel. 


@ Ryan Aeronautical Company has de- 
veloped an advanced electronic automatic 
navigator, Model 108, for Army L-20 air- 
craft. Ryan says the Doppler-type in 
strument automatically computes and in 
dicates the course and distance to a pre- 
set destination; provides ground speed, 
drift angle, latitude, and longitude; and 
automatically computes indicates 
wind 

® Servomechanisms, Inc., has developed a 
new Barometric Altitude Controller said 
to measure aircraft and missile altitude de 
Viations as small as 2!/. ft. at sea level 
and will manufacture the instrument for 
Hughes Aircraft Company. The firm 
also has announced availability of a new 
brochure on the Magnetics Division and a 
mail order-type catalog on ‘Mechatronic 
Development Apparatus.’’ The brochure 
may be obtained by writing to the Magnet 
ics Division, 1000 West El Segundo Blvd., 
Hawthorne, Calif 

® Simmonds Aerccessories, Inc., has an 
nounced the election of Gerald J. McCaul 
to Vice-President, Contracts and Service 
Division; and Myron G. Domsitz to Vice 
President, Research and 
Division 


Development 


© Solar Aircraft Company reports that it is 
developing a new variable-speed gas-tur 
bine engine for Army flying platforms, an 
adaptation of the constant-speed YT-62, 
designed for a one-man helicopter Mili 
tary designation is YT-66. The firm also 
has published 1 new brochure describing 
its 500-hp. Jupiter gas turbine. It may 
be obtained by writing to 2200 Pacific 
Highway, San Diego 12, Calif 

© Sperry Gyroscope Company Division of 
Sperry Rand Corporation has developed 
an air-borne, radar ‘“‘homing beacon” des 
ignated AN/APN-69 which is said to 
help fuel-hungry aircraft find aerial tank 
ers from hundreds of miles away. The 
firm also disclosed that it is providing super 
guidance-radar for the Navy’s Talos and 
Terrier missiles. The missile guidance 
systems, SPG-49 for Talos and SPQ-5 
for Terrier, are said to have antennas re 
sembling gigantic 


searchlights. Sperry 


“DECEMBER, 


has announced a new type of basic flight 
reference—a Twin Gyro “‘table’’ said to 
differ in major respects from conventional 
two and three gyro platforms. The in- 
strument incorporates two identical dj- 
rectional gyros, set at right angles to each 
other, according to the firm. 


® Stanley Aviation Corporation has an- 
nounced that Ogden W. Boden, former 
with North American Aviation, has joined 
the firm as Vice-President in charge of 
Engineering. In this capacity, he will be 
a director of the corporation and will as- 
sume active supervision of Stanley’s en- 
gineering activities in the fields of missile 
equipment training devices, flight safety 
equipment, and commercial products. 
The firm also announced development of a 
new electronic tool, Mini-Lab, said to rep 
resent a novel technique in electronic 
breadboarding for the rapid development, 
assembly, study, and testing of circuits 
and components. It has been designed 
specifically for subminiature, miniature, 
and semiconductor circuitry with a grid 
of tiny jacks arranged in the form of tie 
points, voltage busses, ground busses, 
coupling junctions, and input and output 
terminals. 


® Thiokol Chemical Corporation’s house 
organ, Thiokol Facts, Vol. 4, No. 1, features 
an article on “Designing Rocket Engines” 
that is said to combine discussion of 
theory and practical application. It may 
be obtained by writing the firm at 780 
North Clinton Avenue, Trenton 7, N.J 


@ Trans World Airlines, Inc., has inaug 
urated polar flights from the West Coast 
to Europe the company announced 


® Union Carbide Corporation, National 
Carbon Company has developed a fuel cell 
using hydrogen and oxygen to produce 
electricity. The company reports this 
direct conversion of the chemical energy of 
gases into electricity will economically pro 
duce thousands of watts of power. — First 
application has been the power source for 
the Army’s ‘Silent Sentry”’ field radar set, 
said to be the smallest known. The com 
pany’s Research Laboratories report they 
have produced temperatures above 7,000 
F. with an are image furnace—highly 
polished curved mirrors concentrate rays 
from a carbon are intoa small high-energy 
beam... .Linde Company’s Jet-Piercing 
process to disintegrate or spall extremely 
hard rock that would wear out drills is 
being used on the St. 

project, the firm reports 


Lawrence Seaway 


®@ Vickers Incorporated has announced a 
new aircraft miniature vane pump car 
tridge said to deliver 1.04 g.p.m. at 1,000 
psi and 10,000 r.p.m. Its output is said 
to be 0.6 hp. and is less than 1'/, in. in 
diameter, weighing 2.5 oz. The firm also 
announced that a new variable displace 
ment piston-type hydraulic pump report- 
edly capable of 4,000 psi is in production 
and is said to permit operation in fluids 
and engine lubricating oils with particle 
sizes up to 40 microns. 


© Vitro Corporation of America has named 
Lester A. Wells Executive Vice-President 
of its Thieblot Aircraft Company division 
Mr. Wells formerly was President and 
General Manager of Engineering & Re- 
search Corporation of Riverdale, Md., ac- 
cording to Vitro. 
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Progress with TITANIUM 


Announcing. . 


Two new 


7\ 


Titanium alloys 


for high temperature 


applications 


MST 821... the highest strength weldable sheet & bar alloy in 400—1000°F range 


MST 2.5AlI-16G6V... the first readily formable, heat treatable sheet alloy 


Two new alloys developed by Mal- 
lory-Sharon now extend the high 
temperature usefulness of titanium. 


MST 821 is a weldable sheet and 
bar material with exceptional high 
temperature strength. It offers 
strengths equivalent to similar ti- 
tanium alloys at temperatures two 
hundred degrees higher, in the 400 
to 1000°F range. MST 821 is ther- 
mally stable, and has good ductility 
and formability. 

MST 2.5AlI-16V was developed in 
response to needs of the airframe 
industry for a sheet alloy which 


Producers of titanium 


would be soft and formable in the 
annealed condition, and which could 
be heat treated, after forming, to 
high strengths while retaining duc- 
tility. With this material, yield 
strength can be as low as 50,000 psi, 
to permit easy fabrication, then in- 
creased to 150,000 psi by heat treat- 
ment. Age hardened sheet has good 


MALLORY 


short-time hot strength— about 
100,000 psi yield strength up to 800°F. 

These alloys, now in limited com- 
mercial production, are further evi- 
dence of rapid advances in titanium. 
Use Mallory-Sharon’s outstanding 
technical experience and service on 
your present requirements — or 
future plans—in titanium. 


SHARON 


® 


MALLORY-SHARON TITANIUM CORPORATION - NILES,OHIO 


and titanium alloy sheet, strip, plate, rod, bar, billets 


= 
named 
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Westinghouse Electric Corporation's new elevated temperature test facility consists of banks of tubular infrared lamps, three-channel igni- 
tron controller, strip chart temperature recorders, regular control (computer) channels, master control desk, unit substation, and bus duct distribu- 
tion. Designed to study the effect of high temperature on aircraft structures, the unit can create a simulated ‘thermal barrier" of 2,500°F. in 12 


sec., according to the firm. 


inghouse says in normal use full-scale airframes and components are tested. 


© Westinghouse Electric Corporation has 
announced completion of a new wing to its 
Air Arm Division facility at Baltimore 
that adds 100,000 sq.ft.—1most of it 
for office space for some of the plant’s 
engineers. The expansion also includes a 
roof-top laboratory for evaluation of air 
borne Clifford S. 
Cody has been appointed senior resident 


electronic systems. 


representative for the firm at Rolls-Rovce, 
Limited, main aircraft engine plant in 


Derby, England 


® Weston Electrical Instrument Corpora- 
tion, a Subsidiary of Daystrom, Inc., has 
published a long-scale panel instrument 
bulletin that ma obtained by writing 
to the firm at N rk 12. N.J 


Chicago Section 


Chicago Helicopters Carry 
7,000 Passengers a Month 


“Commercial Helicopter Operations” 
were discussed by Robert Angstadt, Vice- 
President, Operations, Chicago Helicopter 
Airways, before 55 members at the Sep- 
tember 18 meeting. 

Mr. Angstadt traced the growth of CHA 
which began flying airmail routes in 1949, 
serving 50 communities in the Chicago 
area as Helicopter Air Service, Inc. Pas- 
senger service began on November 12, 
1956, between Midway Airport and O'Hare 
International Airport with three Sikorsky 
S-55 helicopters. In June, three larger 
$-58’s were put into service now linking 
Midway, O'Hare, and the Loop (Meigs 
Field) 

Traffic has risen to more than 7,000 
passengers per month in only 10 months 
of operation, Mr. Angstadt said. Pas- 
sengers pay 50 cents per seat-mile between 
Midway and the Loop, and about 30 
cents between Midway and O'Hare and 
O'Hare and the Loop 

He described the use of autorotation 
and concluded it is easier to make an 
autorotation landing than a power-on 
landing. He said instrument flying will 
not be needed until the advent of multi- 
engine helicopters and that stability at 
present is almost adequate without aids 

He answered questions about maximum 
payload, economy of the S-58 compared 
to the S-55, development of commercial 


compared to military helicopters, utiliza- 
tion, overhaul, icing, blade feathering 
tracking and flapping, and control upon 
loss of tail rotor 
After the talk 
facilities 


members visited CHA 


J. S. ISLINGER, Secretary 


The melting model, photographed after 4 sec., was used to demonstrate the rapid rate of temperature increase. West- 


Daingerfield Subsection 
of the Texas Section 


Northrop Scientist Discusses BLC 


Eric E. Groth spoke on ‘‘Boundary- 
Laver Control for Drag Reduction” at the 
September 18 meeting. Dr. Groth is an 
Engineering Specialist, Northrop Air 
craft, Incorporated, Hawthorne, Calif 

In a talk, portions of which were classi- 
fied, he discussed factors which influence 
transition, methods of boundary-layer 
bleed and _ stabilization, equivalent suc- 
tion drag, and advantages gained through 
use of boundary-layer control 

He deseribed subsonic and supersonic 
applications, considering wind-tunnel and 
free-flight experimental data 


DorRR LOBRECHT, JR., Secretary 


Hampton Roads Section 
NACA Research Work Explained 


\ Student Night for cooperative and 
other college employees of NACA Langley 


This composite shows high school science groups at NACA Langley Aeronautical Labora- 
tory facilities during a visit sponsored by the Hampton Roads Section Student Activities 


Committee. 


Langley staff members gave demonstrations and talks on problems in heating, 


supersonic speeds, and reduced take-offs and landings. 
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America’s first jet airliner recently 
streaked across the country in three 
hours and 48 minutes for a new 
transcontinental passenger plane 
record. The plane carried 52 people 
and made the 2,325 miles from 
Seattle to Baltimore at an average 
speed of 612 miles an hour at alti- 
tudes of six miles and above. 

To control such fast planes at high 
altitudes requires control cables de- 
signed to fit the application. Engi- 
neers at American Steel and Wire 


AMERICAN STEEL 
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have cooperated with airplane manu- 
facturers in designing American 
Tiger Brand Control Cables that 
meet the most rigid specifications. 
These cables have high strength, 
high resistance to bending fatigue, 
minimum stretch and the superior 
flexibility of Excellay Preformed 
Construction. They are used on all 
types of planes from fighters to 
heavy bombers. Write for complete 
information or call our nearest sales 
representative. 


The Boeing 707 jet airliner ushers in a new era of fast transportation when it will be possible to 
have lunch in New York and dinner in San Francisco. 


& WIRE DIVISION 


United States Steel, General Offices: Cleveland, Ohio 


COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO + TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA., SOUTHERN DISTRIBUTORS 


UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


USS American Tiger Brand Aircraft Control Cables 
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reliable 


Robertshaw-F ulton 


ELIUM 


rs 
pressure Regulato 


Size, weight, performance—a key con- 
sideration in helium pressurization 
projects. Turn to R-F Aeronautical — 
a prime source for helium control 
components. Engineering experience, 
complete helium testing facilities... 
combined to meet your pressurization 
requirements — faster and better. 


TYPICAL — this missile borne Helium 
Pressure Regulator with integral shut-off 
INLET PRESSURE: 325+25 psig, NOMINAL 
OUTLET PRESSURE: 20+0.5 psia ‘or psig), 
FLOW RATE: 2000 scfm, OPERATING TEMP: 


AMBIENT 65° to 165°F, GAS: —-80° to 
350°F, INITIAL RESPONSE TIME: 20sec. 
WEIGHT: 2.75 Ibs. max. DIMENSIONS: 674” 
x3%”"x5- 15/16”, no flutter, chatter, over- 
shoot, or instability. 


& 

At R-F Aeronautical — a complete line 
of helium pressure regulators... 
shelf and to specification ... smaller, 
lighter, more reliable. Write for 


technical dati, 


for progres 
of the 


by the N 
AERONAUTICAL 


? 


tub 


ANY 
CONTROLS come 


A 
a Ana Freeway at Euclid 


Anaheim, California 


Sponsor: The Annual Helium Symposium 


venue 
Sant 
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Laboratory and a daytime tour of its 


facilities for 200 high school students were 
Student Com- 


set up by the Activities 


mittee on August 21 


Four speakers at the evening program 
were William L. Alford, NACA Research 
Pilot; tanchik, NACA Struc 


seph K 


tures Research Division; J. A. Roche, Air 
Force Development Field Office; and 
Thomas Blair, Goodyear Aircraft Cor- 
poration 

Mr. Alford’s discussion of high-speed 


flight programs 
with films. Mr 


showed films of aer 


it Langley was illustrated 
Kotanchik discussed and 
nddynamic heating tests 
Mr. Roche 
contributions to 


materials 
NACA for its 
and for 
for trial and error flight tests 
the 


on structures and 
praised 
aeronautics eliminating the need 
Mr. Blair, 
using films, described Goodyear 
Inflatoplane 
The high school students, accompanied 
by science teachers and Section members, 
visited wind-tunnel and flight facilities 
Detailed talks and 


strations covered progress in such major 


at Langley demon- 
problems as heating at hypersonic speeds, 
interference at supersonic speeds, and how 
to reduce the length of take-offs and land 
ings. 

Edward C. Polha 
man, welcomed t 


mus, Committee Chair 

guests and explained 
the purpose and activities of the Institute 
Paut A. HuNTER, Secretary 


Indianapolis Section 
Structure of Space 
Drawn" by Hlavaty 


Vaclav Hlavaty 
in the field of geometry, discussed 
Structure of 


, world-prominent figure 
“The 
before 
the first fall 


Space and 


Gravity” 
150 members and guests at 
meeting on October 11 

Dr. Hlavaty is Professor of Mathe- 
matics and member of the Graduate Insti- 
tute of Mathematics Mechanics of 
Indiana University 


and 


He traced the evolution of geometrical 


hypotheses by ¢ mathematicians to 


explain or prove theories of curved finite 


or infinite space He reviewed failures 


and limitations these early theories, 


drawing an analogy to the limitations of a 


hypothetical two-dimensional human being 


(on plane) attempting to visualize three 
dimensional (cubical) space 
Dr. Hlavaty scribed the advent of 


relativity theory in which formulas equat- 
ing dimensional relationships to observed 
physical phenomena were developed. He 
also mentioned some of the astronomical 
means by which these formulas have been 
checked. Evidence which points to matter 
distorting the space in which we live was 
discussed. 
He drew 


attention to the role of the 


mathematician w works with physical 
relationships in which 


led 


‘space’ in 
visualization and interpretation are 
astray by intuitive impressions. 


ROBERT FE 
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SaFF, Program Committee 


Kansas City Section 


Boeing Jet, Stratocruiser 
Characteristics Compared 


“The Operational Features of the Boe- 
ing 707’’ were compared to the 377 Strato- 
cruiser by Jack Waddell who pinch-hit for 
A. M. Johnston at the September 17 
dinner meeting. Mr. Waddell is an Ex- 
perimental Test Pilot and a member of 
Mr. Johnston’s staff at Boeing. 

Speaking from the pilot’s point of view, 
he covered characteristics studied during 
normal sequence of take-off, climb, cruise 


letdown, and landing approaches. He 
also reviewed briefly recent 707 flight 
tests and showed a film on its airport 


handling characteristics. 

Major emphasis was placed on the take- 
off regime as the prime difference between 
the jet and conventional transport and the 
increased severity of ‘operating 
to the fence and using it up faster.’’ 

Curves were used to show comparisons 
between the 707 and 377 for lift: coeffi- 
cient against angle of attack, climb rate 
against true air speed, acceleration charac- 
teristics against true air speed, and ability 


closer 


to clear 50-ft. obstacles against runway 
length 

Possible use of special pilot aids such as 
acceleration recorders to permit abortion 
of take-off at the earliest possible 
when necessary was discussed 

The need for variable approach speed 
requirements in an airplane with such wide 
gross weight spread and vision as the 707 
was reviewed along with recent successes 
with inlet, noise suppression, and auto- 
pilot equipment 

During the business portion of the meet- 
ing the Section revised its meeting night 
to the fourth Tuesday of the month, pend- 
ing a review of speaker 
already made. 


time 


commitments 


The Section’s advisory board and officers 
were introduced to the 77 members who 
attended this first meeting of the 1957 
1958 season. Committee chairmen intro 
duced their committee members and dis 
cussed future plans. 

The IAS Flight Test Engineering Fel 
lowship and coming IAS national meetings 
also were announced. 


J. R. MAcPHerson, Secretary 


Los Angeles Section 


Los Angeles Reports 
Four Meetings in September 


Rolf Landshoff, Consulting Scientist, 
Nuclear and General Physics Division, 
Lockheed Aircraft Corporation, discussed 
the interaction between magnetic fields 
and moving gas plasma at the September 
24 specialist meeting. 

Dr. Landshoff’s talk covered magneto- 
hydrodynamics state of the art He re 
ported developments in the properties of 
ionized and [ 
flow properties. 
p> Three speakers discussing 


gases derived some of the 


fighter air- 


craft during the September 19 meeting 
were Col. John N. Jeffers, USAF (Ret.), 
Col. Thomas G. Lamphier, Vice-Presi 
dent, Convair, and Col. Walker M. Mahu- 


rin, Director, Military Relations, North- 
rop 
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HIGH-STRENGTH ALUMINUM CASTINGS 


TYPICAL PROPERTIES 


Le 
43,900 


TYPICAL PROPERTIES 
Y.S 
40,600 30,100 11.0 


Y.S 


37,600 


TYPICAL PROPERTIES 
TS 
41,100 29,000 11.0 


YOU FLY THE CASTING, NOT THE TEST BAR 


The designer gets guaranteed strength at the critical 
areas he selects in castings of Ductaluminum 356. 
And this strength is guaranteed in the casting, not 
the test bar. Result: Stronger castings without a 
weight penalty. 

Production at Brake Shoe’s new aluminum foundry 
in Mahwah, New Jersey, is devoted to aircraft and 
missile parts. Improved methods, developed in two 
years of pilot production, have given higher quality 
castings in both high-strength and commercial grades. 
Reliable casting soundness substantially eliminates 


the reject problem for customers who have switched 
to Brake Shoe. For more information on aluminum 
castings by Brake Shoe, write for our booklet “Ducta- 
luminum 356.” 


GUARANTEED PROPERTIES 
IN HIGHLY STRESSED AREAS 


T.S., psi Y.S., psi 
Ductaluminum 356T........... 38,000 28,000 6 
Ductaluminum 356S.........6. 42,000 35,000 3 


LIGHT METALS DEPARTMENT 


MAHWAH, NEW JERSEY 
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The discussion was organized by the 
Section’s Historical Committee and Din- 
ner Meeting Committee and represented 
the fighter experiences of the three officers. 

Colonel Jeffers served with the 94th Aero 
Squadron (Hat-in-Ring) during World 
War I, flying both Nieuport and Spad air- 
craft. Colonel Lamphier flew P-38’s during 
World War II and was credited with 
shooting down the = aircraft carrying 
Japanese Air Admiral Yamamota. Colonel 
Mahurin shot down 26 German aircraft 
in World War II before becoming a 
prisoner and later flew F-86’s in the Korean 
conflict where he again was a prisoner of 
war. 

Some 200 members and guests attended 
the meeting which was presided over by 
A. J. Carah, outgoing Section Secretary. 
Lt. Comdr. S. Gorsline, Bureau of Ordi- 
nance Representative at Douglas Aircraft 
Company, was a featured guest 
p> The annual ‘‘kick-off’’ dinner for Sec- 
tion committee members and officers was 
held September 12, with Carl Haddon, 
Chief Engineer, Lockheed California Divi- 
sion, and incoming Chairman, presiding. 

Mr. Haddon outlined objectives for the 
coming year and emphasized the need for 
continued growth in Section activities. 
He recommended broadening the scope of 
programs and increasing membership. 

New officers were scheduled for formal 
installation at,a later meeting. 
p> Emerson H. La Bombard discussed 
“Design Development Program for Fa- 
tigue Resistance in the Douglas DC-8 
Structure’’ at the September 10 specialist 
meeting. Mr. La Bombard is Assistant 
Chief, Structures Section, Douglas. 

He covered design development of the 
DC-8 structure, specifying fatigue criteria, 
methods of evaluation, and the relation 
ship between service 
laboratory results 


experience and 
H. DANA Moran, Secretary 


New York Section 


Admiral Sides Assesses 
Missile-Ajircraft Roles 


“IT hold no brief for the enthusiastic 
missileer who proclaims that the day is 
just around the corner when missiles will 
relegate the manned airplane to the dim 
distant past.” 

This was said by Vice-Adm. John H. 
Sides, U.S. Navy, before some 500 mem- 
bers and guests at a joint dinner meeting 
of the New York Sections of the IAS and 
American Rocket Society on October 18. 
He is Director, Weapons System Evalua- 
tion Group, office of the Secretary of 
Defense. 

He added to the above saying, ‘Certain 
tasks will be taken over by missiles in the 
not too distant future. In other tasks the 
timetable will be a much longer one. And 
in other tasks it may never come to pass.” 

He covered different missile systems 
from the view of growth potential, and 
of the surface-to-surface group said, ‘‘... 
once (they) become truly operational, they 
will year by year assume a more important 
role and assume a greater and greater 
portion. . .of the job to be done.”’ 

He said, ‘‘If we should find ourselves in 
a predicament where the accuracy of the 
combination bomber-missile system were 


comparable to that of a long-range sur 
face-to-surface missile system, this could 
greatly influence the decision as to the 
timing of the transition from the manned 
bomber to the surface-to-surface missile.”’ 

Admiral Sides assessed current trends 
influencing the missile program future from 
were: multiple 
missile systems will 


seven categories rhese 


approaches— ‘future 
embody one or a combination”’ of already 


successful guidance systems; crash pro- 


grams—‘‘high risks as well as a general use 
of overtime will in the future be avoided, 
except in very special cases’’; developer 
user relationships development of ground 
support equipment, production capacity, 
logistic support, and training program 


systems “‘are the real tasks which confront 
us. . (which) should be developed by the 
service’ using the system; reliability and 
maintainability—are the outstanding char 
acteristics required in a missile system; 
complexity and ce perhaps service re 
quirements are overestimated and manu- 
facturers’ promises fulfilled at a cost of too 
much complexity training—‘‘I 


believe 
that, upon the initiation of every new 
missile project, on 

must address itself to 


f the requirements 
the subject of train- 
ing devices’; selectivity—a system must 
be evaluated from an overall-situation 
viewpoint covering other systems, theater 
of operations, task objective, and national 
defense application 

His comment on Russia's earth satellite 
was “launching of ‘Sputnik’ was at the 
expense of their ICBM program.’ He 
said we should not conclude that its pro 
pulsion plant equals that ofan ICBM. “It 
does represent one component, but it is 
the one component which entails the least 
intricate and the k 
nology. 


ist sophisticated tech 
The guidance system is the heart 
of such a weapon, and placing a satellite in 
orbit requires only the grossest kind of 
accuracy compared to that required for an 
effective ICBM.”’ 

He concluded that 
operational missiles 
rent to war 


SAC bombers and 
still a real deter 


Philadelphia Section 


Around the Moon 
In Forty Hours 


Captain Charles F. Gell, USN (MC), 
said a 40-hour manned excursion around 
the moon is forseeable, but travel to another 
planet is much further away than current 
articles would have us believe. Captain 
Gell, Director of the Air Crew Equipment 
Laboratory, Philadelphia, Pa., discussed 
““Man in Space’’ before 
the October 2 joint 
Aero Medical Assi 

His discussion covered the physiological 
and psychological hazards man will face 
in outer space These include effects of 
acceleration stress, artificial atmospheric 
environment, risk of explosive decompres 
sion, difficulties engendered by weightless 


100 members at 
meeting with the 
ciation 


ness, potential damage from cosmic radia- 
tion, probability of collision with meteor 
oids or space junk, and the technology of 
space suits. He illustrated his talk witha 
film and slides 

Captain Gell was introduced by Col 
James K. Gray, USAF, Chief Flight 


DECEMBER, 


Surgeon, Atlantic Division, MATS, who 
was honorary speaker. 

New Section officers introduced were 
Harold Kaufman, Chairman; Frank E 
Mamrol, Jr., Vice-Chairman; Welsh 
Godon, Secretary; and Gerald Cundiff, 
Treasurer. 


W. WELSH Gopon, Secretary 


San Francisco Section 


200 Members Visit 
New Lockheed Labs 


The fall series of section meetings were 
given an auspicious start Sepember 19 
when more than 200 members were guests 
of Lockheed Missile Systems Division at 
its new research facility in Stanford Indus 
trial Park. 

Louis Ridenour, Assistant General 
Manager of the laboratories, delivered a 
welcoming address after which Daniel 
Bershader described the gas dynamics 
facilities. These include conventional 
shock tubes, shock tunnels, ballistic ranges, 
and electrical discharge shock tubes 

Ronald Smelt, Director of New Design, 
described shortcomings of conventional 
wind tunnels for conducting aerodynamic 
research for hypersonic missiles. He also 
reported that recent advances in the speed 
of data acquisition made it practical to 
perform detailed research in shock tun- 
nels and other similar facilities having 
short operating times. 

“Future Weight Reduction With Beryl- 
lium” was discussed by Louis Riedenger 
His paper described beryllium properties 
which make the metal attractive for 
structures exposed to high temperatures 

Willis Hawkins, Assistant General 
Manager, explained the X-7 and X-17 
missile programs and showed a color film 
of firings 

A tour of division facilities was con- 
ducted after the technical meeting 

ROBERT M. CRANE, Secretary 


Texas Section 


A\ir-Power Planning: 
A Tricky Balancing Act 


The main problem of air-power plan 
ners is ‘maintaining a balance between 
economy and military strength, according 
to Lt. Gen. Roger M. Ramey, USAF 
(Ret.). General Ramey spoke on “The 
Role of Planning in Air Power”’ at the Sep 
tember 27 meeting. 

He said that our military planners must 
constantly evaluate the revise their plans 
in the light of weapon technology and 
economic capability of the nation. It will 
be increasingly necessary for planners to 
be more selective in the choice of new 
weapons to be developed, and such a choice 
will have to take place in the early develop 
ment stage rather than when full produc 
tion is imminent or in actual progress 
\s a result, planners are faced with 
greater responsibility and greater signifi 
cance attached to their decisions 

Before General Ramey’s talk, new offi 
cers were installed. They are C. L. Tur 
ner, Chairman; A. T. Clemen, Vice 


Chairman; M. VY. Riccius, Secretary; 
and R. E. Darling, Treasurer. Outgoing 
Chairman R. J. Patton reviewed last 


FM COMDR 55TH AIR RSQ SQ THULE AB GRNLD 
TO VERTOL AIRCRAFT CORP MORTON PA 
UNCLAS TT/VER 7-V71 PD AT 5:15 LOCAL TIME 


wer Vertol helicopter A VERTOL H-21 HELICOPTER MANNED BY THE 55TH AIR RESCUE 
Se SQUADRON AT THULE GREENLAND COMPLETED THE FIRST HELICOPTER 
diff completes longest LANDING EVER MADE ON ICE ISLAND T-3...THE VERTOL H-21 WAS 
; ASSIGNED THE TASK OF EVACUATING TEN CIVILIAN PERSONNEL PD 
most northern mission THE TERRAIN ON T-3 WAS SUCH THAT WHEEL OR SKI LANDINGS WERE 


IMPOSSIBLE PD HOWEVER THE VERTOL H-21 HELICOPTER 
COMPLETED THE EVACUATION WITHOUT DIFFICULTY PD THIS 
MISSION IS BELIEVED TO BE THE LONGEST AND MOST 
NORTHERN EVER ATTEMPTED BY HELICOPTER PD 


The Vertol H-21 Work Horse has long been carrying out such 
difficult assignments. Capable of lifting 20 men or the equivalent 
in cargo, the H-21 puts inaccessible places within reach, trans- 
ports men and materials to remote stations all over the world. 


As a flying crane, flying ambulance, flying warehouse, and in 
many other applications, the Vertol H-21 is without peer.Whatever 
its mission, this helicopter does the job—swiftly, surely. 


Engineers, if you are not already working for 
the government or defense industry, inves- 


tigate job opportunities with Vertol. 


Aircraft Corporation 


MORTON. PENNSYLVANIA 


= 
eral 
nics 
mal 
ies 
es 
ral 5 
Im 
| 
/ 
__ _ 


78 AERONAUTICAL ENGINEER 


year’s activities and wished the new 
officers success 


Test Pilot Describes 
Spin Test Experiences 


D. A. Schultz, Senior Staff Experi- 
mental Pilot, Chance Vought Aircraft, 
discussed ‘‘Post Stall Behavior of High 
Speed Aircraft’’ before 100 members and 
guests at the September 11 meeting of 
the Texas Section. 

He said test pilots were particularly in- 
terested in high-speed forward accelera- 
tion imposed by high rotational velocities 
in one spin mode. Model tests predict- 
ing this effect led to an extensive develop- 
ment program on means to support the 
pilot properly. This resulted in special 
head and body harness to keep the pilot 
from bouncing around the cockpit 


STUDENT 


During the program it was discovered 
that a pilot can become acclimated to 
spinning, resulting in a reduction of physio- 
logical and psychological effects. Some 
400 turns in a 10-day period established a 
plateau of: acclimatization. A few spins 
every day or 2 maintained the plateau, 
but after 2 weeks’ lavoff, it took some 200 
turns to re-establish the plateau. 


Films of ‘‘post stall gyrations’’ in an 
F7U aircraft and of a pilot during a 32- 
turn inverted spin from which he even- 
tually ejected were shown 


Questions from the audience brought 
out the importance of investigating spin 
characteristics \lso, the average serv- 
ice pilot was advised to avoid such flight 
conditions. However, he should be in- 
structed on recovery techniques. 


\. T. CLEMEN, Secretary 


Brown University 


Members elected a new slate of officers 
at an organizational meeting held Septem- 
ber 12. 

New officers are: Robert L. Sierakow- 
ski, Chairman; Richard A. Dornon, Vice- 
Chairman; and Daniel C. Dunlap, Secre- 
tary and Treasurer. Scott Lee Garrett, 
former Chairman, and Alfred A. Ramos, 
former Treasurer, retired necessitating the 
election. 

By unanimous vote of all members of 
the Branch and its ASME counterpart, 
their individual meetings will be replaced 
by joint meetings 


DANIEL C. Dunwap, Secretary 


California State Polytechnic 
College 


Some 150 members and guests heard 
James Wenzel outline design stages of a 
production aircraft. Mr. Wenzel is an 
aerodynamicist for Convair, A Division of 
General Dynamics Corporation, and a past 
chairman of the [AS San Diego Section 

He used slides of Convair’s design test 
facilities to illustrate his talk. Later, he 
discussed how ‘“‘the IAS helps bridge the 
gap between college and industry.’ He 
said membership in the IAS helps to bring 
out leadership ability, develops self- 
confidence, and in general prepares the 
student for the transition from the text- 
book to the engineering team. After the 
talk, a film on the North American Air 
Defense Command was shown. 

The Branch Chairman Mike Daitch 
discussed principal coming events includ 
ing the Regional Student Conference. 

Jerry Mitvatrsky, Secretary 


Indiana Technical College 


Plans for a field trip—Allison Engine 
Plant at Indianapolis first choice—were 
made at the October 1 meeting. The date 
will be announced later. 


BRAMSHES 


A film, Holiday in Hawaii, produced by 
United Air Lines, was shown after the 
business meeting 
> New officers were formally installed 
before 40 members at the first meeting of 
the fall on September 17. They are 
Duane Hoffman, Chairman; Ray Hoff- 
man, Vice-Chairman; Herbert Krediet, 
Secretary; and Darl Musgrove, Treasurer. 

Two films shown were Flying Action 
about the history of flving and The ABC of 
Jet Propulsion which explained and illus- 
trated basic principles embodied in a jet 
engine. 

HERBERT D. KREDIET, Secretary 
p> At the August meeting, F. Gordon 
Sholes, Jr., a Group Engineer on Project 
Vanguard, reviewed the background of 
the program to launch an earth satellite. 

Mr. Sholes discussed the mechanical 
controls of the launching vehicle. He 
described the system which will move the 
first- and second-stage engines in their 
mountings to direct the vehicle's flight, the 
auxiliary jets to control pitch and vaw, 
and the device which will spin the third 
stage to stabilize the vehicle 


JACK BoccALEONI, Secretary 


North Carolina State College 


New officers for the 1957-1958 school 
vear were introduced at the first fall 
meeting on September 24. Thev are 
James Daughtridge, Chairman; Gerald 
Hunt, Vice-Chairman; John Gurley, Re- 
Jack Wood, Treasurer; 
and Larry Royster, Program Chairman 

They discussed speakers for future meet- 
ings, Branch participation in the Engi 
neer’s Fair, and the regional student con- 
ferences 

A film, Lethe ss, was shown It 
depicted development of the Scorpion 


cording Secretary; 


series of aircraft from prototype to the 

latest model. Special attention was fo- 

cused on different armament systems used 
RICHMOND P. BOYDEN 
Corresponding Secretary 


NS REVIEW —DECEMBER, 1957 


Parks College of 


Aeronautical Technology 


Sixteen members were present for the 
inauguration of new officers at the Septem- 
ber 25 meeting. 

Officers elected were Merle Allen, Chair- 
man; Lawrence Frederick; Vice-Chair- 
man; and Hung-Cin Hor, Treasurer, 
Because of unforeseen vacancies on the 
staff, a special election was held. 

Mr. Allen discussed plans for coming 
meetings during the semester. For the 
most part, this involved ways and means 
of promoting greater interest in meetings, 

GERALD E. CHMIELEWSKI 
Secre tary 


The Pennsylvania State University 


The 1957-1958 Branch program and 
objectives were discussed before 35 mem- 
bers at the September 26 meeting 

Chairman Robert Dunkelberger wel- 
comed the members and reported on a 
successful summer program in which com- 
panies in the aircraft business were asked 
to provide speakers for future meetings in 
the school year. 

Faculty Adviser John Fox explained 
responsibilities of the Branch as host for 
the 1958 Mid-Atlantic Regional Confer- 
ence scheduled for next spring. 

Later, a film titled Air A ge was shown 

ROBERT E. HENDERSON 
Secretary 


Rensselaer Polytechnic Institute 


Jim Cooley spoke on “Design Consider- 
ations of a Mach 2.5 Fighter Aircraft” 
before 65 members and faculty at the 
September 25 meeting. Mr. Cooley is a 
Supervisor in the Aircraft Preliminary 
Design and Performance Section, United 
Aireraft Corporation. 

Some of these considerations were: the 
duties of the Mach 2.5 fighter of the future, 
structural weight, and the size of the 
power plant. He explained some of the 
ground rules a designer must establish, 
especially in connection with fuel con- 
sumption. After the talk he answered 
questions from the audience. 

Later, Chairman Arthur Sutherland 
outlined advantages of IAS membership. 
Fifty membership applications and 20 
subscriptions to the AERONAUTICAL ENGI 
NEERING REVIEW were accepted 

CHARLES KROMER 
Secretary Treasurer 


Tri-State College 


Some 75 members, faculty, and guests 
met in the aeronautical laboratory for the 
introduction of new officers at the Septem 
ber 26 meeting. 

New officers are Donald Scharf, Chat 
man; Eugene Prue, Vice-Chairman; 
William Berg, Secretary; and Bruce 
Bidelman, Treasurer. Also introduced 
were Tri Angle reporter Robert Pember 
ton and Student Council Representative 
Jack Ebers« 

Attendance certificates were awarded to 
members who had attended at least 75 
per cent of meetings for three consecutive 
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HOW THE 13,200-TON 
PRESS BOOSTS EXTRUSION 
CAPACITY 


FROM 11” TO 28” 


STRUCTURAL SHAPES 


FROM 9” TO 20” 
STIFFENED SECTIONS 


FROM 10” TO 24” O.D. 


TUBING 


DOW’S NEW EXTRUSION PRESS PACKS 13,200-TON PUNCH 


Here’s a whole new range of large magnesium extrusions: 


24-inch O. D. Tubing 


This mammoth press, newest addition to The Dow Chemical 
Company's rolling and extrusion mill at Madison, Illinois, 
is the world’s largest magnesium extrusion facility. Its vastly 
increased capacities afford new opportunities for designers 
working with light metals. A wide variety of new magne- 
sium applications for aircraft, missile, military and general 
industrial use are now possible and practical. In addition to 
extruding magnesium, the press is also available for large 
aluminum extrusions. 

Here’s how the big press will increase maximum dimen- 
sions of representative magnesium extrusions: Integrally 


YOU CAN DEPEND ON 


28-inch I-Beams 


80-foot-long sections 


stiffened sections, from 9 to 20 inches wide; I-Beams from 
11 to 28 inches high; round tubing from 10 to 24 inches 
outside diameter; and maximum lengths of 80 feet. A large 
number of shapes and forms can be produced, limited only 
by the design of the die through which the metal is 
extruded. Many complex shapes that formerly required 
separate operations can now be formed in one operation. 
If your design calls for large magnesium or aluminum 
extrusions, contact the nearest Dow Sales Office or write to 
THE DOW CHEMICAL COMPANY, Midland, Michigan, Depart- 
ment MA 1406C-1, 


nip 
hi 
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quarters. These members were Fredrick 
Dean, Gene Kiser, Robert Spalding, 
Fredrick Whitesel, and Donald Dyer 

Officer certificates were awarded to 
John Espey, John Luther, Donald Zurfluh, 
Ralph Haglock, William Berg, and Jack 
Ebersol for their service during the sum 
mer term 

Charles Libove, Faculty Adviser, dis- 
cussed benefits of LAS membership and 
urged all new aeronautical students to be- 
come members 

Later, a movie, Engineering for To- 
morrow, Was shown. This covered prob 
lems in missile development at North 
\merican Aviation, Inc 


WILLIAM F. BERG, Secretary 


University of Oklahoma 


The First Flight Tests of the B-oS were 
shown on film to 110 members and guests 
at the October meeting. Static engine 
runs, taxi characteristics, and the first 
actual flight were shown 

New officers for the fall semester were 
introduced during the business portion 
of the meeting. They are Joseph Noyes, 


REVIEW 


Chairman; George Calbert, Vice-Chair 
man; and Wanda Little, Secretary- 
Treasurer 


WANDA J. LITTLE, Secretary 


University of Wyoming 


Two Senior members, David F. McVey 
and William C. Reed, were featured 
speakers at the October meeting. They 
described aeronautical 
organizations where they worked during 
the summer 

Mr. McVey, assigned to NACA Ames 
Aeronautical Laboratory, Moffett Field, 
Calif., described his duties on the 8 X 7 ft. 
Unitary-Plan Wind Tunnel. Mr. Reed 
described his job as draftsman in the 707 
Structures Group at Boeing Airplane 
Company, Seattle 

During the business portion of the meet- 
ing the Treasurer's report was heard and 
the Branch meeting date established as 
the first Tuesday of each month. Plans 
for the annual engineering open house 


experiences” at 


were discussed 


ROBERT J. MILLER, Secretary 


MEMBERS ELEC 


The following applicants for membership or applicants for change of previous grades 
have been admitted since the publication of the list in the last issue of the Review. 


Elected to Associate Fellow Grade 


Calvo, Rafael, Dir. Gen., Instituto 
Nacional de Técnica Aeronautica, Madrid 

Hafstad, Lawrence F., Ph.D. in Physics, 
\V-P, Research, General Motors Corp 

Lambert, Derek J., Chief Devel. Engr. 
(Civil), Vickers-Armstrongs (Aircraft ) 
Ltd 

Pearcey, Herbert H., B.S. in Math., 
Principal Scientific Officer, National 
Physical Lab 

Vogt, Richard, Ph.D., Sr. Scientist; 
Manager, Design Dept., Aerophysics 
Development Corp. (Santa Barbara) 

Weeks, Lawrence M., MS. in Appl 
Mech., Chief of Preliminary Design, 
McDonnell Aircraft Corp 


Transferred to Associate Fellow Grade 

Arms, Richard P., M.S. in M.E., Mgr., 
CES Objectives and Programing, 
General Electric Co. (Evendale ) 

Blumenthal, Vaughn L., B.S. in Chem., 
Proj. Engr., Boeing Airplane Co. (Seattle). 

Christensen, Horace H., B.S. in M.E., 
Mgr., Advanced Applications, General 
Electric Co. (Johnson City ) 

Clayman, Herbert S., BS. in C.E,, 
Staff Engr., Operational Factors, Boeing 
Airplane Co. 

Edholm, Robert M., MS. in Ac.E. 
Chief, Military Liaison, Temco Aircraft 
Corp. 

Evvard, John C., Ph.D. in Physics, 


Chief, Propulsion Aerodynamics Div, 
Lewis Flight Propulsion Lab., NACA 

Petersen, Alfred H., Producibility 
Methods Engr., Lockheed Aircraft Corp 
(Burbank ) 

Spaulding, Gene B., Dir. of Engrg 
and Megr., Production Design, Temco 
Aircraft Corp 

Taylor, Harlan D., B.S. in Ae.E., 
Head, Aerodynamics Sect., United Air 
craft Corp 

Thompson, Robert A., M.S. in Engrg., 
Research Group Engr., Lockheed Air 
craft Corp. (Marietta 


Elected to MEMBER Grade 


Adams, A. Lawrence, B.S., 
Engr. (Hytrol), Hydro-Aire, Inc 

Barnes, Cecil W., B.S., Chief, Weapon 
System Div., USAF (Kelly AFB) 

Besio, Charles A., M.S. in M.E., Supvr 
of Engrg. Personnel, Chance 
Aircraft 

Bixler, George W., M.S. in M.E., 
Supt., Turbo-Jet Test Proj., Control 
Dept., Allison Div., General Motors Corp 

Bray, Kenneth N. C., M.S. in Ae.E., 
Lecturer in Aer 
Univ. (England 

Brunda, Donald F., M.S. in M.E., 
Analytical’ Engr., Turbomotor  Div., 
Curtiss-Wright Corp. (Princeton ) 

Bryan, James W., Staff Engr., Aero- 
dynamics Engrg. and Flight Test, On Mark 
Engine Co 


Project 


Vought 


Engrg., Southampton 
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Cantrell, William E., BS. in EE 
Lead Systems Design Engr., Chaney 
Vought Aircraft, Inc. (Dallas) 

Ciolkowski, Solomon I., Ph.D in 
Appl. Math., Aerodynamics Specialist 
David Taylor Model Basin, U.S. Navy 

Clutter, Darwin W., M.S. in Physics, 
Aerodynamicist, Douglas Aircraft 
Inc. (El Segundo) 

Coates, Geoffrey P., Sr. Aerodynamicist 
and Supvr., Supersonic Wind Tunnel, 
Sir W. G. Armstrong Whitworth Aircraft, 
Ltd 

Conliffe, Calvin H., BS. in M.E, 
Design Engr., General Electric Co, 
(Evendale ) 


De Witt, Alden N., Sect. Chief, Data 


Reduction Branch (Edwards AFB), 
USAF 
Fox, Frederick K., B.S. in C.E., Stress 


Analyst “A,” 
(Wichita ). 
Gates, William H., Chief Mech. Engr., 
Microwave Radiation Co 
Granich, Bernard R., B.S. in M.E, 
Structures Engr., U.S. Bearing Corp 


Boeing Airplane Co 


Grosvenor, John, B.S. in M.E., Asst. 
Project Engr., Wright Aero. Div., Curtiss- 
Wright Corp. (Edwards AFB) 

Heron, Lawrence R., Commander, 
U.S. Navy, Training Officer in Charge, 
Naval Air Weapons System Schools, 
Naval Air Technical Training Center 
(Jacksonville ). 

Hewin, Larry M., B.S. in M.E., Acting 
Chief, Aviation Div., U.S. Army Trans- 
portation Research and Engrg. Command 
(Fort Eustis). 

Jay, Le Roy W., M.S. in M.E., Sr 
Research Engr., Research Div., Curtiss- 
Wright Corp. (Clifton) 

Jevon, Robert W., M.S. in Instrumenta- 
tion, Staff Engr., Radio Corp. of America 

Koletsky, Harold S., M.S. in EE, 
Megr., Devel. Engrg., Avien, Inc 

Lewis, Clark H., B.S. in M.E., Staff 
Engr., ARO, Inc. (Tullahoma ) 

Mac Nabb, Byron G., Operations Mgr., 
Convair-Astronautics (A.F. Missile Test 
Center, Fla.), Div. of General Dynamics 
Corp 

Mellor, George L., Sc.D. in M.E., 
Technical Specialist, Turbomotor Div., 
Curtiss-Wright Corp 

Peterson, Joel D., B.S. in E.E., Asst 
Chief Engr., Eclipse-Pioneer Div., Bendix 
Aviation Corp. 

Schmidt, John H., B.S. in M.E., Sr 
Project Engr., AC Spark Plug Div., 
General Motors Corp. (Milwauke« 

Tamm, Ralph G., B.S. in M.E., Dy 
namics Engr., Ryan Aeronautical Co 

Van Winkle, G. Wayne, B.S. in M_E., 
Sr. Group Engr., Boeing Airplane Co 
(Seattle ) 


Wickens, A. H., B.S. in Ae.E., Engr., 
Dynamics Sect., Canadair, Ltd 

Witbeck, Walter G., Sr. Engr., Northrop 
Aircraft, Inc. (Hawthorne ) 

Wyrick, Donald R., B.A. in Math., 
Flight Test Analyst, Lockheed Aircraft 
Corp. (Burbank). 
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Temperatures made fo order for all 
types of aircraft engines. Harrison 
heat exchangers are rugged, 
reliable and compact... 
engineered to provide the 

optimum in cooling efficiency. 
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KEY TO A COOL COURSE 
FOR SIKORSKY! 


Harrison-Cooled Sikorsky S-56 
Flies at 138 Miles Per Hour... 
Carries Five and One Half Tons! 


The Sikorsky $-56 conquers new horizons for helicopters! 
And Harrison engine and transmission oil coolers play a vital role 
... keeping temperatures under control. Harrison heat 
exchangers are light, compact... yet rugged and dependable! Theyre 
designed for weight-saving, space-saving, money-saving performance. 
That’s why you'll find Harrison heat-transfer equipment on the 
vast majority of today’s helicopters ...on every type of aircraft from 
lightweight commuter planes to long-range heavy bombers. So, if you have 
a cooling problem, look to Harrison—with over 47 years’ 
experience in the manufacture of top-quality heat-control products. 
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HARRISON RADIATOR DIVISION e GENERAL MOTORS CORPORATION e¢ LOCKPORT, NEW YORK 
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Transferred to MEMBER Grade 


Berger, Frederick, Propulsion Engr., 
Grumman Aircraft Engineering Corp 


Carpenter, Edward G., B.S. in M.E., 
Group Engr., Bell Helicopter Corp 
DuBois, Robert G., BS. in AcE, 


Aero. Engr., Air Tech. Intelligence Center, 
USAF (Wright-Patterson ) 


Egan, Thomas W., B.S. in Ae.E., 
Aero. Engr., Cornell Aero. Lab 
Fitzpatrick, James L. G., M.S. in 


Engrg., Prof. and Head, Dept. of Mech. 
Technology, Staten Island 
College 

Hurt, Hugh H., jr., M.S. in Ac.E., 
Head, Engrg. Sect., Aviation Safety Div., 
Univ. of Southern California 


Community 


Circuit breaker 
actuator motor 


ENGINEERING REVIEW 


Jensen, Soren C., Jr., B.S. in 
Lead Engr., Temco Aircraft Corp 


Ae.E., 


Marshall, John T., B.S. in Ae.E., 
Project Engr. Sales, Wright Aero. Div., 
Curtiss-Wright Corp 

Peterson, Andrew J., B.S. in M.E 


Mgr., Weapon §\ 
craft Corp 

Wadington, Wayne R., B.S. in Ae.E., 
Head, Wind Tunnel Data Group, Grum- 
man Aircraft Engineering Corp 


stems, Goodyear Air- 


Elected to Associate Grade 


Bertram, Robert J., Test Engr., Con 


vair (San Diego), Div. of General 


Dynamics Corp 
Brooks, James L., Test Pilot—Military 


Precision-built 
instrument motor 


POWER... 


For Top Performance of Your Product 


“Prescription Power” with a Lamb Electric Motor means— 


..a motor designed to the exact requirements of your 


product... 


. built-in dependability that results from 42 years of 
small-motor experience... 


. favorable cost because our plant is geared to produce 
custom-made quality on a volume basis. 


May we demonstrate these advantages of Lamb Electric 


Motors to you? 


THE LAMB ELECTRIC COMPANY 


KENT, OHIO 


A Division of American Machine and Metals, Inc. 


In Canada: Lamb Electric—Division of Sangamo Company Ltd.—Leaside, Ontario 


Lomb 


SPECIAL APPLICATION 
FRACTIONAL HORSEPOWER 


MOTORS 


-DECEMBER, 


ivy or 


Relations, North 
Inc. (Los Angeles ) 


American 


Brown, Richard H., MS. in Education, 


Engrg. Writer, Southern Calif. Coopera 
tive Wind Tunnel. Correction of previous 
listing, p. 98, October issue 

Collis, Charles, B.S. in M.E., We 
Branch Mgr 
plane Corp 

Cross, Carl S., Capt., Sr 
(Kelly AFB) 

Davis, Richard H., Tech 
Wyle Associates 


tern 
, Fairchild Engine and Air 


Sales Rep 


Gonzer, Lawrence, J., B.S. in M.E,, 
Partner (Contract Mgr. ), Lehigh Engineer 
ing Assoc 

Halland, Irving W., BS. in ME, 
Ordnance Group Engr., The Martin Co 
(Denver) 

Klepp, Olav, Asst. Electrical 
Rocket Engine Test (Edwards AFB 

Laande, William O., 
Ampex Corp 

Lindgren, Matts J., Parachute Tech 
nologist, Irving Air Chute Co., Ine 

Pickens, Jack, Service Rep., Bendix 
Products Div., Bendix Aviation Corp 

Recktenwald, Joseph G., Project Engr., 
Allison Div., General Motors Corp 


Engr., 


Engrg. Rep., 


Smirl, James H., Flight Test Engr, 
North American Aviation, Inc. (Palm 
dale 

Zachow, Gerald R., B.S. in M.-E,, 


Structures Engr., Lockheed Aircraft Corp 
(Marietta) 


Transferred to Associate Grade 


Allen, Chase B., B.S., Assoc. Engr., 
Convair (San Diego), Div. of General 
Dynamics Corp. 

Alpinieri, Louis J., B.S. in AeE,, 
Assoc. Test Proj. Engr., Coop Wind 
Tunnel (Pasadena ) 

Anderson, Dale A., BS. in AeE,, 


Grad. Student, lowa State College 


Andrews, William K., Jr., B. of Ac.E., 
2nd Lt., Engr., USAF (Westover AFB) 


Arnett, Matthew D., B.S. in Ae.E, 
Associate Engr., McDonnell Aircraft 
Corp. (St. Louis) 

Beckman, Virgil H., B.S. in Ae.E,, 


Engrg. Officer, USAF (March AFB) 
Belt, Robert K., B.S., Supply Officer, 
USAF 


Berman, Sheldon L., B.A.E., Aero 
dynamicist, Grumman Aircraft Engrg 
Corp 

Bigelow, Ernest A., Assoc. Engr., 


Convair-Astronautics (San 
of General Dynamics Corp 

Bower, Richard L., B.S. in Ae.E., 
Structures Engr., North American Avia 
tion, Inc. (Columbus). 

Bowski, John F., A.A. in Ae.E., Design 
Engr., McDonnell Aircraft Corp 

Brofman, Woody, B.S. in Ae.E., Project 
Engr., Jet Propulsion Lab., Calif. In 
stitute of Tech 

Burgman, Jerome A., 
Engr., U.S. Army. 

Cameron, Lyle W., M.S. (Aero 
USAF; Proj. Engr., 
AFB 


Diego), Div 


B.S. in M.E., 


, Capt 
Wright-Patterson 


Aviation, 


Pilot, USAF 
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Ta 
d Air y Cool- Approx. Flange hese generators include integra 
Rat- ing Air Rated Diam. Speed Weight and fan permitting full load continu- 
| g Type No. ing Pres- Cool- in. RPM Ibs. Drive ously up to 80°C, at sea level with 
USAF KVA Air Spline no additional cooling. 
*28616-1 20 4 11 5700-6300 60 AND 10266 XVI-A 
£ output of 30 volts, 50 amps capacity 
Rep = *28B23-1 20 4 11 8.25 4800-7200 65 AND 10262 XII-A thee 
o * 
— i 5 *28E17-1 30 8 14 8.25 5700-6300 69 AND 10266 XVI-A All generators have been designed 
ME f= 2 *28E14-1 40 5 14.5 9.25 5700-6300 83 AND 10266 XVI-A to MIL-G-6099 and MS-33542, 
Ritts =< i *28E15-1 60 6 16 9.25 5700-6300 103 AND 10266 XVI-A which specifies cooling air of 120°C. 
© § 219-1 10 7 6.5 7600-8400 30 AND 10262 XII-A 
ME i Lin 28E19-3 10 7 6.5 7600-8400 31 New 9” Flange liver full-rated load under these 
28E20-1 20 6 8.5 6.5 7600-8400 45 AND 10262 XII-A conditions. 
bad © 28620-3 20 5 8.5 6.5 7600-8400 46 New 9" Flange 
QO. = 28€21-1 30 10 12.4 6.5 7600-8400 60 AND 10262 XII-A 
Engr, >  2E21-3 10 6.5 7600-8400 61 New 9” Flange 
 *+28E10-1 6 6.5 7600-8400 39 AND 10262 XII-A 
R¢ De. 
sendix 
Engr., 
Engr., 
Palm 
M.E., 
Corp 
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engr., 
-neral 
Ae.E., 
Wind 
B 
Le! 
rcraft 
Le. E., 
flicer, 
ngrg 
_ If you have an AC Generator cooling problem, here’s the | Aviation Corporation, Eatontown, New Jersey. 
solution. Bendix Red Bank High-Tempe rature AC Gener- ATTENTION ENGINEERS—We have unusual opportunities for 
‘ ators meet military class C air-cooled specifications and experienced design engineers to work on aircraft type AC 
Avie, combine a minimum of size and weight with a maximum and DC rotary power supplies and associated control 
of performance. Ranging from 9 KVA to 60 KVA, they equipment and distribution systems. Write today: Atten- 
nak are designed as part of complete Red Bank high-tempera- tion of Personnel Dept. L. 
ture AC gene rating syste ms. These also In¢ lude magne tc West Coast Sales and Service: 117 E. Providencia Ave., Burbank, Calif. 
amplifier voltage regulators and system protection com- Canadian Distributor: Aviation Electric, Ltd., P. O. Box 6102, Montreal, P. Q. 
ojyect Export Sales and Service: Bendix International Division, 205 E. 42nd St., 
~ ponents. For details, write Red Bank Division, Bendix New York 17, N.Y. 
1.E 
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Cardone, Francis S., B.S. in 
Aeronautical Engr., North 
Aviation, Inc. (Los Angeles). 


Ae.E., 


American 


Chapman, Gary T., B.A. in Ac.E., 
Aero. Research Engr., NACA (Ames), 
Moffett Field. 

Clingman, David L., B.S. in Ac.E., 
Grad. Student, Purdue Univ. 

Crooker, C. James, B.Ac.E., Assoc 
Engr., Convair (Ft. Worth), Div. of 


General Dynamics Corp. 

Darcy, Robert T., B.S. (Aero), Lt. and 
Naval Aviator, USN 

Del Torchio, Marvin R., B.S. in Ac.E., 
Aeronautical Engr., USAF (McClellan 
AFB) 

Drechsel, Charles N., B.M.E., Acro 
Research Intern, Flight Propulsion Lab., 
NACA 

Drew, Gene R., Asst. Field Operations 
Supvr., Coleman Engineering Corp 

Ekonen, Kaarlo O., 
Douglas Aircraft Co., 

Fischer, John C., B.S. in Ac.E., Engrg. 
Maintenance Officer, Wright-Patterson 
AFB, USAF 

Fisher, Paul D., B.S 
Research Engr., U.S 
Lab. (Silver Spring ) 

Flandro, Gary A., B.S. in M.E. (Aecro.), 
Aero. Engr 9 Missile Devel. and Produc 
tion, Sperry-Utah Engineering Lab 

Foppe, Francis G., B.S. in Aec.E 
Assoc. Engr., MeDonnell Aireraft Corp 

French, Jere B., B.S. in Aviation Tech., 


Assoc. Engr., 


Inc. (El Segundo) 


in Ae.E., Acro 
Naval Ordnance 


Draftsman and Experimental Tech., The 
Jamieson Corp 
Funk, Harry C., Jr., B.S. in Ac.E., 


Performance Engr., Douglas Aircraft Co., 
Inc. Segundo) 

Gale, Andrew P., M.S. in Ac.E., Aero- 
dynamicist, Electronics Div., Curtiss 
Wright Corp. (Carlstadt ). 

Groening, Samuel A., B.S. in Ac.E., 
Capt., USAF; Pilot (Jet), Experimental 
Flight Test Pilot School (Edwards AFB) 

Hall, Frederick C., M.S. in Ae.E., 
Aerophysics Engr., Convair (Ft. Worth), 
Div. of General Dynamics Corp. 

Hammett, Lou, B.A.E., Fabrication 
Branch Chief, USAF, (Walker AFB) 

Herman, Ronald D., B.S. in Ac.E., 
Graduate Student, Univ. of Kansas. 
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Hernan, George B., B.S. in Ae.E., 


Assoc. Engr. (Liaison), Douglas Aircraft 
Co., Inc. (Santa Monica) 
Hickey, James V., B.S. in Ac.E., 


Design Engr., Douglas Aircraft Co., Ine 


(Santa Monica 

Hill, James A., B 
namicist, Chrvsler 
Chrysler Corp 


of Ae.E., Aerody 
Missile Operations, 


Howe, David C., BS. in Ac.E., Engr., 
Pratt & Whitney Aircraft (Hartford ) 
Kolb, Fletcher J., B.S., Power Plant 


Engr., Douglas Aircraft Co., Inc. (Sacra 
mento) 
Krotz, Larry D., B.S., Assoc. Engr., 


Aerodynamics, MeDonnell Aircraft Corp 
Lee, Thomas J., B.S. in Ac.E., Gradu 
ate Student, Univ. of Alabama 


Matous, James O., B.S. in Aec.E., Jr 


Acrodynamicist, Beech Aircraft Co 

Mayer, George, B.S., Research Engr., 
Allied Research A , Ine, 

McClymonds, Ken A., B.S., Assoc 
Engr., Missiles Div., Douglas Aircraft 
Co., Inc. (Santa Monica 

McCooey, John V., BS. in Ac.E., 
Assoc. Engr., Cony San Diego), Div. of 
General Dynamics Corp 

Marshall, Robert H., B.S. in Ac.E., 
Research Acrod) icist, North Ameri 
ean Aviation, Inc. (Columbus) 


Merritt, Francis D., B.S., Assoc. Engr., 


Douglas Aireraft Co., Ine. (El Segundo) 
Miller, Donald J., Assoc. Engr., Con 
vair (San Diego), Div. of General Dynam 


ics Corp 


Morin, Donald, B. of Ac.E., Research 


Asst., Aerodvnami Lab., Polytechnic 
Institute of Brook! 
Ness, Ronald C., B. of Ae.E., Ens., 


Naval Reserve It Electrical Officer, 
U.S.S. “Saratoga 
Nomura, Raymond S., B.S., Jr. Engr., 


Boeing Airplane C Renton) 

Ormsby, Frederick N., B.A.E., Stress 
Analyst, Dougla Aircraft Co., Ine 
(Santa Monica 

Palmer, John A., 
Chance Vought 


Ae.E., Asst 
ft (Dallas) 
Rassam, Edmond A. 

Ream, Harold E., B.S 
Research Pilot, Lewis 
Lab., NACA 


Engr., 


in Ae.E., Aero 
Flight Propulsion 
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B.S 
Assoc. Engr., Convair (San Diego), Div. of 
General Dynamics Corp 
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...t0 familiarize CAA personnel 


AERONAUTICS with jet transport operation 
ADMINISTRATION Playing a leading role in the transition to the jet era, 


the Civil Aeronautics Administration has selected an 
electronic jet Simulator to be designed and built by 
will use the Electronics Division of Curtiss-Wright Corpora- 
tion. Among its many missions will be the training 
and familiarization of CAA air carrier inspection 


BOEING 107 personnel in jet transport operations, including all 
phases of airline flight crew training . . . and the 
study of approach and holding procedures for im- 

JET SIMUL ATOR e proved air traffic control in the jet era. 


At the same time, the CAA will take advantage 
of another dimension in the realism of flight repro- 
by duction — Curtiss-Wright Dehmel Visual Aids Simu- 
lation Equipment. This new Curtiss-Wright equipment 
consists of scale models of specific airports, and a 
Cu RT| 5 G-WR | 5 HT mobile television camera which responds to the pilot’s 
control — enabling him to rehearse landings and take- 
offs under VFR (Visual Flight Rules) conditions. 


The airport environment, buildings and runways 
are realistically viewed by the pilot, on a large screen, 
in their true relationship to his altitude, position 
and approach. 


Simulators by Curtiss-Wright have been produced 
for nearly every type of advanced civil and military 
aircraft. They have a long background of proven 

\ service, including extensive use by the CAA itself. 
Every fully electronic Simulator used by U. S. air- 
lines today is a product of Curtiss-Wright. 


ELECTRONICS DIVISION 
CURTISS-WRIGHT 
CORPORATION CARLSTADT, N. J. 
CURTISS-WRIGHT DEHMEL ano: corns. 
WRIGHT. Canadian Licensee: Canadian Aviation Electronics Ltd., Montreal — British Licensee: 
Redifon Ltd., London—French Licensee: Société d’Electronique et d’Automatisme, Paris 
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WITH NEW STANDARDS OF ACCURACY 
aot KEARFOTT 
a NEW SIZE 25 SYNCHRO is accurate to 0.5 minutes of 
0 It arc. It requires no external compensating devices. 
: Available as transmitters, control transformers, differ- 
entials and resolvers. 
100 120 
SIZE 23 “PANCAKE” SYNCHROS are suitable for gimbal 
: en mounting and are accurate to 2.5 minutes of arc. 

207 

: ai 2 SIZE 11 SYNCHROS for 4 wire systems offer accuracy 
: Ls of 3.0 minutes of arc. Standard 3 wire Synchros avail- 


able with 5, 7 and 10 minute maximum errors. 


ACTUAL SIZE 


SIZE 11 


SIZE 25 
MAXIMUM ERROR 
30 SECONDS FROM E. Z. 


KEARFOTT COMPONENTS INCLUDE: Gyros, Servo Motors, 
Synchros, Servo and Magnetic Amplifiers, Tachometer Gen 
erators, Hermetic Rotary Seals, Indicators and other Elec 
trical and Mechanical Components. 


KEARFOTT SYSTEMS INCLUDE: Directional Gyro Compass 
Systems, Three Gyro Stable Platform Systems and Inertial 
Navigational Systems. 


Particulars on these and other Kearfott Components gladly 
1 


sent on request. A SUBSIDIARY OF 


GENERAL PRECISION EQUIPMENT CORPORATION 


KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 


Sales and Engineering Offices: 1378 Main Avenue, Clifton, N. J. Midwest Office: 23 W. Calendar Ave., La Grange, III. 
South Central Office: 6211 Denton Drive, Dallas, Texas. West Coast Office: 253 N. Vinedo Avenue, Pasadena, Calif. 
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Aeronautical Reviews 


Tuts SECTION reviews important period- 


icals, technical and research reports, and 
books received in the IAS Library in order 
to provide basic documentation for engi- 
neers and scientists. 


AERONAUTICAL  Ab- 
stracts, published as an insert in each 


INTERNATIONAL 


issue, is an accelerated reviewing service 
covering worldwide scientific and technical 
literature. This work is performed by 
the TAS Staff and is supported by the Air 
Force Office of Scientific Research of the 
Air Research and Development Command. 


A list of the periodicals and reports 
series received in the TAS Library is pub- 
lished semiannually, in the January and 
July issues. 


The AERONAUTICAL ENGINEERING IN- 
DEX, published since 1947, provides an 
annual cumulation of the materials re- 
viewed in this section. 


THE IAS LIBRARY 


Publications reviewed in this sec- 
tion are maintained by the Library 
for use by the IAS Membership. 
They are not for sale but are made 
available through the facilities of 
the Library. 

Institute 
Individual and 
Corporate, may borrow periodicals, 


LENDING SERVICES: 


members, — both 


reports, and books for a period of 
2 weeks, excluding time in transit. 
Excepted are certain reference books 
and those [AS publications that 
may be purchased. 

PHotrocopy Services: The Li- 
brary is equipped to provide, as 
a service, positive photocopies of 
| certain materials in its collections. 

Rates on request. 

For detailed information about 
these and other services, write to: 


John J. Glennon, Librarian 
Institute of the 
{eronautical Sciences, Inc. 
| 2 East 64th Street 
Vew York 21, New York 


A Guide to the Current Literature 


PERIODICALS AND 88 
INTERNATIONAL AERONAUTICAL ABSTRACTS. 


Aeronautical Research and Engineering 


Subject Index to Periodicals & Reports 
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Aerodynamics 
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Fluid Mechanics & Aerodynamic 
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Human Engineering. 
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Acoustics, Sound, & Noise 


Acoustical Radiation Pressure Due to 
Incident Plane Progressive Waves on 
Spherical Objects. G. Maidanik and 
P. J. Westervelt. ASA J., Aug., 1957, pp 
936-940. WADC-supported computation 
of the expression for the force exerted on a 
“rigid” sphere by a_ plane progressive 
wave. The momentum formulation is 
used, 

Calculated and Measured Stresses in 
Simple Panels Subject to Intense Random 
Acoustic Loading Including the Near 
Noise Field of a Turbojet Engine. Ap- 
pendix Near Noise Field of the Turbojet 
Engine. Leslie W. Lassiter and Robert 
W. Hess. U.S., NACA TN 4076, Sept., 
1957. 33 pp. Experimental investiga 
tion of flat, x 13-in., 2024-T3 alu- 
minum panels in the near noise fields of a 
f-in. air-jet and turbojet engine, and com- 
parison of the stresses developed in the 
panels with those calculated by general 
ized harmonic analysis. Includes experi 
mental determination of supplementary 
data relating to the transfer characteris 
tics, damping, and static response of flat 
and curved panels under periodic loading 


Aerodynamics 


Aerothermodynamics 


Vectored Injection Into a Hypersonic 
Laminar Boundary Layer. Sinclaire M 
Seala and George W. Sutton. Jet Pro 
pulsion, Aug., 1957, pp. 895, 896. Analy 
sis of heat transfer in hypersonic flow for 
vectored area injection of fluid into the 
boundary layer, and of the effect of vec 
tored injection on skin friction. Vectored 
injection corresponds to transpiration 
cooling with injection oblique to the sur- 
face, and to film cooling with evaporation, 

Teplovoi Bar’er. N.  Zhovinskii 
Krylia Rodiny, July, 1957, pp. 11-18. In 
Russian. Discussion of the thermal bar- 
rier covering the source of heat, the effects, 
and means of preventing the resulting 
damage. 

On One-Dimensional Heat Conduction 
with an Arbitrary Heating Rate. George 
W. Sutton. J. Aero. Sci., Nov., 1957, pp. 
854, 855. Solutions for the temperature 
distribution where the heat transfer varies 
arbitrarily with time at one boundary 
when the other boundary is insulated 


Boundary Layer 


The Boundary Layer in Simple Shear 
Flow Past a Flat Plate. M. B. Glauert. 
J. Aero, Sci., Nov., 1957, pp. 848, 849; 
Author’s Reply, Ting Yi Li, 849, 850. 

Laminar Flow. J/Handley-Page., Bul., 
Autumn, 1957, p. 14. Discussion of the ad 
vantages in the use of boundary-layer con 
trol to reduce drag. Means for achieving 
a smooth boundary layer are described 
and projected British air liner designs are 
outlined. 

Laminar-Flow Engineering. V 
Bonney. Bul., Autumn, 
1957, pp. 18-21. Description of the sali 
ent features of laminar-flow aircraft de 
sign and the manner in which this tech- 
nique is engineered into aircraft. 

Boundary-Layer Control-The Basic 


ENGINEERING REVIEW 


Philosophy. J. B. Edwards 


Page Bul., Autumn, 1957, pp. 5-8 


Handley 


Opredelenia Formy Tverdoi Granitsy po 
Zadannoi na nei Velichine Sverkhzvukovoi 
Skorosti. G. I. Maikapar. AN SSSR 
Otd. Tekh. Nauk ! June, 1957, pp. 136, 
137. Determinati of the shape of 


solid boundary based on the = assigned 
supersonic velocit problem encoun 
tered in the case of boundary-layer separa 


tion control 


Design of Laminar-Flow Aircraft. G.V 
Lachmann, //landley-Page Bul., Autumn, 
1957, pp. 8, 9, Li Discussion in terms 
of pumps, wing size, engines, increase in 
range, and aircraft of global range. Two 
aircraft projects are discussed: Project A, 
an aircraft for cruising at Mach Number 
0.85, and Project B, an aircraft for cruising 
at Mach Number 0.9 


Fluid Mechanics & Aerodynamic Theory 


An Exact Solution of the Navier-Stokes 
Equations. W. Chester. J. Aero. Sci., 
Nov., 1957, pp. 853, 854 

A Note on the Mixing Process in the 
Flow Induced by a High Velocity Air Jet. 
J. Black. RAeS Sept., 1957, pp. 681 
633. 

Sur les Mouvements Rectilignes d’un 
Fluide Compressible. I Cas d’une Vis- 
cosité et d’une Conductivité Thermique 
Nulles. II- Cas d’un Fluide Visqueux et 
Conducteur Thermique. Henri Cabannes 
La Recherche nautique, July-Aug., 
1957, pp. 3-11 13 refs. In French 
Study of rectilinear motions of a compres 
sible fluid and development of a method for 
the construction of family of solutions 
containing two arbitrary functions 

Les Equations du Mouvement des 
Fluides Visqueux dans le Cas de Gradi- 
ents de Vitesses Elevés. G. Viguict 
lasi Politeh. Inst. Bul., vol. 4, 1949, pp 
203-221 16 refs In French 


tion of equation 


Evalua 
motion of viscous 
fluids for the case of high velocity gradi 
ents 

Slow Broad Side Motion of a Flat Plate 
in a Viscous Liquid. Subhas Chandra 
Gupta. ZAAMP, July 25, 1957, pp. 257 
261. Solution in terms of a function ¢ 
which turns out to be the electrostatic 
potential of the plate kept at a constant 
potential in) vacuum. Systematic and 
logical approach developed is applied to 
the case of a circular dise 

Wind-Tunnel Investigation of a Number 
of Total-Pressure Tubes at High Angles of 
Attack; Subsonic, Transonic, and Super- 


sonic Speeds. William Gracey US.; 
NACA Rep. 13038, 1957 lO pp. 12 refs 
Supt. of Doc., Wash., $0.20. Tests to de 


termine the effect of inclination of the air 
stream on the measured pressures of 54 
total-pressure tubes, for angles of attack 
up to 60° and over a Mach Number range 
from 0.26 to 1.62 

A Cross-Flow Theory for the Normal 
Force on Inclined Bodies of Revolution of 
Large Thickness Ratio. R. N. Cox. J 
Fluid Mech., July, 1957, pp. 446-448 
Extension of the Munk-Jones cross-flow 
theory for slender bodies to bodies with 
large thickness ratio. A more exact 
tangency condition, in which the main 
stream velocity is replaced by the longi 
tudinal component of the surface velocity, 


DECEMBER 1957 


is used in place of the approximation of 
the Munk-Jones theory. 

Equations, Tables, and Figures for Use 
in the Analysis of Helium Flow at Super- 
sonic and Hypersonic Speeds. James N 
Mueller U.S., NACA TN 4063, Sept 
1957. 178 pp. 16 refs 

A Corrected Mixing-Length Theory of 
Turbulent Diffusion. Alison M. Grant 
J Veteorology, Aug., 1957, pp 297-303 


10 refs. Derivation of a corrected theory 
which vields a diffusion equation with th 
coefficient A varying with dispersion time 
and also provides a description of the dif 
fusion for all dispersion times in terms of 


the energy spectrum of eddy lifetimes 

Wave Formation in Laminar Flow Down 
an Inclined Plane. T. B. Benjamin. J 
Fluid Vech., Aug., 1957, pp 
Pheoretical investigation of a problem of 
hydrodynamic stability characterized by 
small values of the Reynolds Number R 

Oscillations in a Fermi Liquid. L. ID 
Landau (Zhurnal Experimental’no 
Teoreticheskot Fisiki, Jan., 1957, pp. 59 
66 Sov. Phys.-JETP, Aug., 1957, pp 
101-108. refs. Translation Phe 
oretical investigation of different types of 
Waves that can be propagated in a Fermi 
liquid, both at obsolute and at nonzero 
temperatures Absorption of these waves 
is also considered, 


Internal Flow 


Rotating Stall in Axial Flow Compres- 
sors. Appendix A--Harmonic Flow 
Fields Related by Means of a Linear Com- 
bination Along Their Common Boundary. 
Appendix B-—The Hilbert Problem. Jean 


Fabri and Raymond Siestrunck. (/-18 
25th Annual Meeting, New York, Jan. 28 
31, 1957, Preprint 692.) J. Aero. Se 


Nov., 1957, pp. 805-812, 820 15 rets 
Presentation of a one-dimensional theory 
of rotating stall, with experimental veri 
fication 

Cavitation Tests on Hydrofoil of Simple 
Form. I On Five Profiles of 7 Per Cent 
Thickness Ratio. II-— Difference in Per- 
formance Between Experiments with 
Water Temperatures of 20 and 15 deg. 
F. Numachi, K. Tsunoda, and I. Chid 
Tohoku U., Rep. Inst. High Speed Mec 
vol. 8,.1957, pp. 67-107. 

Cavitation Tests on Six Profiles for 
Blade Elements. F. Numachi, K. Tsu 
noda, and I. Chida. Tohoku L., 
Inst. High Speed Mech., vol. 8, 1957, pp 
25-46. Tests on profiles of distinguishing 
forms Clark Y, Clark YH, and R.A.F. 6t 
provide data for a study of the effects of 
form on cavitation characteristics. Tw: 
examples of each profile are used, one ha\ 
ing a thickness ratio of 11.7 per cent, and 
the other a thickness ratio of 6 per cent 

Cavitation Tests on Clark Y Profiles of 
Several Thickness Ratios. IF. Numachii, 
kK. Tsunoda, and I. Chida Tohoku | 
Rep. Inst. High Speed Mech., vol. 8, 1957 
pp. 47-65. Tests to obtain the cavitation 
characteristics of a profile series having 
six successive thickness ratios +, 6, 8 
10, 11.7, and 14 per cent. 

Ein Sonderfall des senkrechten Pro- 
filgitters bei beliebigen instationdren Be- 
wegungen. k. Nickel. Jng. Arch., No.2 
1957, pp. 184-139. 10 refs. In German 
Study of the special problem of a vertical 
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Curtiss-Wright Turbolectric Propellers on Ni-Cr-Mo steel to form seamless hollow 
TAS the Air Force’s C-133A, world’s larg- blades eliminates welding of blade edges 
28 est turboprop cargo plane. Extruding and saves 200 pounds of steel per blade. 
a 
Steel requirement cut 600 Ibs. per prop 
iple Curtiss-Wright engineers turn steels. Hubs are 4340 nickel alloy 
the trick by extruding a one-piece steel for maximum hardenability 
vith hollow blade instead of welding and toughness. Hub mechanism 
jeg. the blade from preformed and _ gears are 9310 nickel-chromium- 
d machined plates. They do it with molybdenum carburized steel for 
4330 nickel-chrome-moly steel. high strength and good wear re- 
ae 4330 steel in combination with sistance. 
| this extruded design means... Nickel alloy steels offer many 
improved strength and toughness combinations of properties that 
p to handle tremendous power from open up opportunities to develop 
turboprop engines... bigsavings new production techniques and 
in material... fewer fabricating pioneer designs. 
operations. Write for your copy of “The 
4330 nickel alloy steel has Properties of Heat Treated 
proved adaptable to the extrusion Wrought Nickel Alloy Steels”. 
= process ... and uniquely reliable And if you want help with some 
in its response to die quenching metal problem of your own, get 
during heat treatment. in touch with us. We’ll be glad to 
work with you. One-piece hollow blade is extruded from 
This propeller assembly also the billet at left, then formed by flatten- 
g takes advantage of the properties The International Nickel Company, Inc. ing and die quenching. Blade tip is 
. of two other nickel-containing 67 Wall Street Keo New York 5, N.Y. closed by welding. 
‘O- 
: INCO NICKEL 
NICKEL ALLOYS PERFORM BETTER LONGER 
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profile grid in the case of nonstationary 
motions and discussion of the simplifica- 
tion of the mathematical aspect of this 
problem. 


Aerodynamic Forces on a Vibrating Un- 
staggered Cascade. H. Soéhngen. (Z4A- 
MM, Mar., 1955, pp. 81-85.) U.S., 
NACA TM 14i2, Aug., 1957. 16 pp 
Analysis of unsteady aerodynamic forces, 
based on two-dimensional incompressible 
flow considerations. Investigation is car- 
ried out for an unstaggered cascade. The 
blades are vibrating in phase in an ap- 
proach flow parallel to the blades. 

The Secondary Flow in a Cascade of 
Turbine Blades. W. D. Armstrong. Gi. 
Brit. ARC R&M 2979 (Mar., 1955), 
1957. 14 pp. BIS, New York, $0.81. 
Analysis showing that, when the secondary 
vorticity is sufficiently small, perturbation 
theories may be used to predict accurately 
the induced velocities, downstream of the 
blades, which are due to this disturbed 
vorticity. 

The Determination of Thermal En- 
trance Lengths for Gases in Turbulent 
Flow in Smooth Round Ducts. H. Wolf 
and J. H. Lehman. Jet Propulsion, Aug., 
1957, pp. 897-899. ONR-supported re- 
sults of recent experiments for determining 
the thermal entrance lengths for air and 
carbon dioxide in turbulent flow through a 
tube under conditions of large temperature 
difference between the flowing gas and the 
wall of the tube. 

Notes on the Mathematical Design of 
Nozzles and Wind Tunnel Contractions. 
N. T. Bloomer. Aero. Quart., Aug., 1957, 
pp. 279-290. Analysis to obtain coor- 
dinates for three-dimensional nozzles 
Treatment is based on Tsien’s method. 


Stability & Control 


Stability and Control Problems of 
Supersonic Aircraft. II. O. FE. Michael- 
son. (Canada, NAE Quart. Bul., April- 
June, 1956.) Aircraft Eng., Sept., 1957, 
pp. 275-281. 

Wind-Tunnel Investigation of Effects of 
Ground Proximity and of Split Flaps on the 
Lateral Stability Derivatives of a 60° 
Delta-Wing Model Oscillating in Yaw. 


Byron M. Jaquet. U. S., NACA TN 
4119, Sept., 1957. 32pp. 15 refs. 
Uluchshenie Prodol’noi Ustoichivosti 


Samoleta 11-14P. V. Smolin.  Grazh- 
danskaia Aviatstia, July, 1957, pp. 15-18. 
In Russian. Discussion of means to im- 
prove longitudinal stability of the 11-14P 
aircraft. 

An Analysis of the Effects of Aeroelas- 
ticity on Static Longitudinal Stability and 
Control of Swept-Wing Airplane. Ap- 
pendix A—Evaluation of Parameters As- 
sociated with Fuselage Flexibility. Ap- 
pendix B—Evaluation of Elevator Angle 
Required for Balance. Appendix C 
Evaluation of Lift Effectiveness for Flexi- 
ble Tail. Richard B. Skoog. US: 
NACA Rep. 1298, 1957. 12 pp. Supt. of 
Doc., Wash., $0.30. Analysis which re- 
veals that, although large changes in sta- 
bility due to certain parameters are indi- 
cated, the over-all stability change is 
quite small compared to the individual 
effects, due to the counterbalancing of 
wing and tail contributions. 
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Wings & Airfoils 


Uber die Einfliisse der Pfeilung auf die 
aerodynamischen Eigenschaften der Trag- 
fliigel. A. Haerter Flugwehr & Technik, 
July, 1957, pp. 187-189. In German. 
Discussion of the influence of sweepback 
on the aerodynamk 
wings. 


characteristics of 


Mesure de Coefficients Instationnaires 
de Moment de Charniére d’Aileron sur 
Aile Tridimensionnelle. R. Destuynder, 
S. Chopin, and H. Loiseau. La Recherche 
Aéronautique, July-Aug., 1957, pp. 47-49. 
In French. Results of wind-tunnel meas- 
urements of nonstationary flap hinge- 
moment coefficients on a straight three- 
dimensional wing 

Investigation of the Effects of Profile 
Shape on the Aerodynamic and Structural 
Characteristics of Thin, Two-Dimensional 
Airfoils at Supersonic Speeds. Elliott 
D. Katzen, Donald M. Kuehn, and Wil 
liam A. Hill, Jr. U. S., NACA TN 4039, 
Sept., 1957 10 refs. Study of 
the effects of thickness, trailing-edge 
bluntness, boattailing, and forward profile 
on the aerodynamic characteristics of thin 
airfoils, and to provide a check on avail 
able theoretical methods. 

Aerodynamic Characteristics of a 40° 
Swept Back Wing of Aspect Ratio 4.5. P. 
S. Barna. Coll. of Aeronautics, Cranfield, 
Note No. 65, May, 1957. 12 pp. Experi 
mental investigation using the half-model 
technique to determine the pressure distri 
bution over an RAE 101 (symmetrical 
section with a 6 per cent maximum thick- 
ness and zero camber From those meas 
urements the lift, drag, and pitching-mo 
ment characteristics are calculated 

Conical Camber Adds 20 Per Cent to 
Deltas’ Range and Ceiling. Av. Age, 
Aug., 1957, pp. 62-65 ff. Discussion of 
the mechanics of conical camber and the 
design parameters it involves, 

Favorable Interference in Lifting Sys- 
tems in Supersenic Flow. 


59 pp 


Antonio Ferri, 


Joseph H. Clarke, and Lu Ting. (AS 
25th Annual Meeting, New York, Jan. 
28-31, 1957, Preprint 664.) J. Aero. Sci., 


Nov., 1957, pp. 791-804 19 refs. OSR 
supported application of certain simple in 
tegral relations to the qualitative assess 
ment and calculation of the favorable in- 
terference effects arising in various spatial 
arrangements of wings and bodies in a 
supersonic stream 


Aeroelasticity 


Natural Frequencies of Rectangular 
Plates with Edges Elastically Restrained 
Against Rotation. C. V. Joga Rao and C. 
Lakshmi Kantham. J. Aero. Sci., Nov., 
1957, pp. 855-856. Method to determine 
natural frequencies for plates with either 
clamped or simply supported ends. The 
results agree with the experimental values 
for the fundamental frequency obtained 
by Hoppmann and Greenspan 

The Determination of Aerodynamic 
Coefficients from Flutter Test Data. 
W.G. Molyneux. Gt. Brit., ARC CP 347 
(Apr., 1955), BIS, New 
York, $0.36. Description of a technique 
that permits the oscillatory aerodynamic 
coefficients for an airfoil to be determined 


1957 12 pp. 
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from data measured in flutter tests on the 
airfoil. 

Toroidal Oscillations of a Spherical 
Mass of Viscous Conduction Fluid in a 
Uniform Magnetic Field. Keith Stewart 
son. ZAMP, July 25, 1957, pp. 290-297 
Analysis to show that, if the fluid is not 
quite a perfect conductor, then there jis 
only a doubly infinite, discrete set of eigen- 
values, and that the corresponding oscilla- 
tions are confined to the immediate vicin- 
ity of the axis of symmetry. 

How Can Helicopter Vibrations be 
Minimized? I—Practical Aspects of Vi- 
bration Control, Walter Gerstenberger. 
Il—The Realities of Vibrating Helicopters 
and What to do About Them, R. A. Wag 
ner. III—Pylon Isolation for Helicopters, 
Bartram Kelley. IV—Approaches to 
Helicopter Vibration Problems, Charles 
W. Ellis. V-—Design Aspects of Helicopter 
Vibration Reduction, Glidden S. Doman 
VI—A Method for Reducing Helicopter 
Vibrations, Peter F. AHS J, 
July, 1957, pp. 3-14. 

Calculation of Stability Derivatives for 
Oscillating Wings. Doris E. Lehrian. 
Gt. Brit., ARC R@&M 2922 (Feb., 1953), 
1956. 23 pp. 12 refs. BIS, New York, 
$1.17. Method for calculating stability 
derivations for wings oscillating at low 
frequencies and for wings describing plung- 
ing (vertical translations) and pitching 
oscillations 

Le Glissement des Fréquences Propres 
d’un Systéme Surchargé. Henri Gauzy. 
Recherche Aéronautique, July-Aug., 
1957, pp. 39-45. In French. Develop- 
ment of theoretical considerations of a 
mechanical system for practical applica- 
tion to experimental measurements of 
generalized masses. 

Studies of Structural Failure Due to 
Acoustic Loading. Robert W. Hess, Rob 
ert W. Fralich, and Harvey H. Hubbard 
U.S., NACA TN 4050, July, 1957. 11 pp 
Presentation of data pertaining to the 
acoustic inputs of some power plants in 
common use, discussion of the 
acoustic fatigue problem. 

A Series-Expansion Method for Com- 
puting Random Gust Responses. Ken- 
neth A. Foss. J. Aero. Sci., Nov., 1957, 
pp. 850, 851 


Leone 


Aeronautics, General 


Special Issue: S.B.A.C. Show- First 
Report. The Aeroplane, Sept. 6, 1957, 
pp. 349-388, cutaway drawings. Partial 
Contents: Farnborough’s Display Aircraft 
Rotary-Wings in Retrospect and Pros 
pect Military Aircraft Development 
Army Aviation Reorganized Back 
ground to the Transports. De Havil 
land’s Comet 4B. Aeroplanes for Busi 
nessmen Freighters of the Future 
Aero-Engine Survey. Bloodhound Bellig 
Men and Machines. The Vick 
ers 951 Vanguard Transport. 

Some Thoughts on Aeronautical Re- 
search and Design. I--The Way Ahead. 
II—-Tools of the Trade. III —Research 


erency 


and Design. M. B. Morgan. RAeS J., 
Sept., 1957, pp. 579-593. 
The Lesser Lights. E. T. Jones 


(CAI Annual Gen. Meeting, Ottawa, May 
27, 1957.) Can. Aero. J., Sept., 1957, pp 
211-215. Discussion covering the impact 
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Pneumatic controls 


AIRCRAFT 


Modulating volves 
244 types 


Flow regulators 


Ratio pressure regulators 
28 types 


16 types 


Pneumatic engine 
computer-controllers 


Differential pressure 
Pneumatic switches 


regulators 

414 types 10 types 6 types 
AiResearch is the largest Temperatures of the fluids —300°F to over +1000°F. 
designer and manufacturer of — (including gas and liquids) Line diameters range from 
pneumatic controls for the aire range from —400°F to inch to 15 inches. 
craft and associated industries. +2000°F at pressures to This equipment is developed 


During the past 10 years more — +6000 psig. The units operate and tested _in the finest pneu- 
than 300,000 units have been at any ambient pressure at matic facilities in the world. 
produced and are in service. ambient temperatures from _ Your inquiries are invited. 


* Outstanding opportunities for qualified engineers 
ORATION 


AiResearch Manufacturing Divisions 


Los Angeles 45, California... Phoenix, Arizona 


THE 


Designers and manufacturers of aircraft and missile systems and com ponents: REFRIGERATION SYSTEMS + PNEUMATIC VALVES AND CONTROLS + TEMPERATURE CONTROLS 


CABIN AIR COMPRESSORS * TURBINE MOTORS * GAS TURBINE ENGINES + CABIN PRESSURE CONTROLS * HEAT TRANSFER EQUIPMENT ELECTRO-MECHANICAL EQUIPMENT * ELECTRONIC COMPUTERS AND CONTROLS 


| 
7 Shutoff valves “Temperature controls Mixing valves 
irst 
: 
1 
ch 
t 


on aeronautics of the science and engineer- 
ing of electricity, the consequent reaction 
on present-day electrical practice, and the 
ever-increasing use of physicists in fields 


traditionally belonging to the engineer. 


Escape devices and autocontrol are also 
considered. 
Air Force-Industry; The ‘‘Must’’ 


Partnership for Defense. Clarence S. 
Irvine. Sperryscope, 3rd Quarter, 1957, 
pp. 2-5. Presentation of USAF objec- 
tives in research and development of equip- 
ment. These include higher performance, 
compression of design-to-inventory cycle, 
reliability, maintainability, compatibility 
of components and interrelated systems, 
rugged components, miniaturized equip- 
ment, and a vigorous research toward 
scientific breakthroughs. 

Nécessité et Conditions de la Recherche 


Aéronautique. Maurice Roy. Age Nu 
cléaire, Mar.-Apr., 1957. 7 pp. Reprint. 
In French. Discussion of the need for, 


and conditions of, aeronautical research. 

A Plan for British Air Transport. 7he 
Aeroplane, Aug., 23, 1957, pp. 242, 243. 
Discussion of the need for the establish- 
ment of an autonomous licensing board 
with jurisdiction over all air carriers operat- 
ing from Great Britain, and = of 
changes to improve British 
aviation. 

Special Issue: Commonwealth Avia- 
tion, 1957. Flight, Aug. 23, 1957, pp 
253-284. Partial Contents: Progress in 
Weapons Research; Current Develop- 
ments at Salisbury and Woomera, South 
Australia. The Australian Industry. 


other 
commercial 


Australia’s Air Transport. India. New 
Zealand. 
Air Transportation 
Business Aircraft for the Future. Allan 


Bernhardt. 


pp. 69-72. 


Aero. Eng. Rev., Nov., 1957, 
Summary of a panel session 
which concludes that future 
craft will have speeds from 300 to 500 
knots. In addition, multiengine aircraft 
will fly higher, be more efficient and safer, 
and have greater utilization. 

The Problems of Jet Transport Opera- 
tion. J.T. Dyment. RAeS 
594-608. Consideration of 
lems relating to the airport, meteorologi- 
cal requirements, air traflic control, tele- 
communications, the airplane itself, engine 
requirements, ete. 

Algunos Problemas del 
Supersénico. S. T. B. Cripps. — Rev. 
Aero., July, 1957, pp. 562-570.) In 
Spanish. Discussion of problems of super- 
sonie air transportation, with emphasis on 
possible future disadvantages. 

Futuras Tendencias Técnicas en el 


business air- 


1957, pp. 


some pre »b 


Transporte 


Transporte Aéreo. G. F. Worley. (JAS 
Turbine-Powered Transp. Meeting, 
San Diego, 1956.) Ing. Aero., Jan.-Feb., 


1957, pp. 20-27. In Spanish. Discussion 
of future tendencies in air transportation. 

The Relative Commercial and Opera- 
tional Properties of Short-Range Trans- 
port Aeroplanes Powered by Turbine and 
Reciprocating Engines. C. F. 
RAeS J., Aug., 1957, pp. 560-563. 

Note on an Improved Short-Cut Method 
for Estimating Aircraft Direct Operating 
Costs. Frank Robertson. RAeS J 
Aug., 1957, pp. 567-569. Presentation of 
charts taken from an empirical formula. 


Toms. 


Factors to be read off cover such items as 
varying first cost and utilization, and the 
relationship between block distance and 
ESA range and that between block speed 
and cruising speed 

Toward Cheaper Travel; Analysis of 
Aircraft Types on Basis of Operating 
Costs. Bristol Quart., Summer, 1957, pp. 
135-140. 


Airplane Design 


Mach 2-Plus Fighter Developments in 
France. James Hay Stevens and Rene 
Leduc. Aircraft (Australia), Aug., 1957, 
pp. 36-39, 70. Design and performance 
data for Nord 1400 Gerfaut and Nord 1500 


Griffon, along with the Leduc 021. 
‘““Moskva.”’ P. Mikhailov. Grazh 
danskaia Aviatsiia, Aug., 1957, pp. 10-138. 


In Russian Discussion of the design, 
construction, and various components of 


the ‘‘Moskva”’ transport aircraft. 


T1-19D Phase IV Performance. Jones 
D. Davidson and Robert G. Ferry. USAF 
FTC TR 57-14, [AD 124109], Aug. 8, 


1957. 52 pp. Evaluation of a modified 
L-19K as an instrument trainer. 

Business Aircraft Today and Tomorrow. 
Skyways, Sept., 1957, pp. 22-29. Survey 
of 23 aircraft and helicopters suitable for, 
or in operation as, business transports. 
Performance data and prices are given. 

Die Continental Comet 4 B—ein Strahl- 
Verkehrsflugzeug fiir kurze und mittlere 
Strecken. Frank F. Moenus. Flugwelt, 
Sept., 1957, pp. 646, 647. In German. 
Design and description of the Continental 
Comet 4B, a jet transport for short or 
medium distances 

British Transports for 
Markets. Acrona Sept., 1957, pp. 
72-80. Survey presenting possible seating 
arrangements, block speed, and payload, 
along with other performance figures and 
general design details 

Three-Way Guide to British Aircraft. 
Aeronautics, Sept., 1957, pp. 90-101. 
Survey which includes drawings, dimen 
sions, and a brief history of each aircraft. 

The Seamaster: Its Development and 
Some Considerations from the Accidents. 
J. L. Decker Aero. Eng. Rev., Nov., 
1957, pp. 58-62. Discussion of some de 
sign problems and flight-test 
ments. The accidents of the 
types are reviewed 


the World’s 


ulics, 


accomplish- 
two proto- 
ind the control system 


is studied with needed corrections pre 
sented. 

A French Four-seat Jet. Roland de 
Narbonne The leroplane, Aug. 23, 


1957, pp. 251-254. Discussion of design 
characteristics equipment, and mainte 
nance of the Morane-Saulnier MS-760. 

Britannia’s Floating Floor and Freight 
Lift; Shorts Design Temperature-Stress 
Safeguard and Loading Aid for Series 253. 
Flight, Aug. 9, 1957, p. 187. 

The Fokker F.27 Friendship. Esso Ai) 
World, May-June, 1957, pp. 156-159 
Discussion of the development of the 
Friendship and presentation of the per 
formance characteristics 

Italian Lightweight Fighter is Easy to 
Maintain. Vico F. Rosaspina. Av. Age, 
Aug., 1957, pp. 78-81 ff. Description of 
Aerfer’s transonic Sagittario II jet aircraft 


and its low maintenance design. 
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Manufacturing 
at Marquardt 


by 
Roy E. Marquardt 
President 


Another barrier — the PRODUCIBILITy 
BARRIER — is currently being penetrated 
by Marquardt engineers. What do we 
mean by PRODUCIBILITY BARRIER? 
Advanced designs for supersonic ram- 
jet powerplants coming from the draw- 
ing boards call for strength to weight 
ratios and high-precision tolerances 
previously unobtainable. New high- 
temperature alloys are meeting the 
metallurgical demands, but do not 
readily lend themselves to conventional 
machining and fabricating techniques, 

Those members of the Marquardt 
team charged with pioneering new 
production methods comprise our Van 
Nuys Manufacturing Division. Here- 
under the direction of John S. Liefeld 
— creativeness and imagination join 
forces with a thorough understanding 
of standard shop practices to produce 
acceptable hardware. But management 
realizes that to do his best work the 
engineer must be supplied with the 
most up-to-date tools of his trade. 

Exemplifying our continuing efforts 
to this end: a specially designed, half- 
million dollar roll- former is being 
added to the company’s ever-expanding 
production facilities. This machine will 
be capable of spinning conical, tubular, 
venturi, and parabolic configurations 
of a size heretofore considered impos- 
sible or impractical to fabricate as a 
single piece. A completely safe, close- 
up view of the actual metal forming 
will be afforded the operator by means 
of two closed-circuit TV cameras 
mounted on the machine frame. 

We are also acquiring other auto- 
matic machines — numerically con- 
trolled units capable of multiplying the 
output of their manually operated 
counterparts several times. Utilizing 
punched and magnetic tape, these 
machines are expected to greatly 
expand the scope of Manufacturing 
Engineering. 

Another of the modern production 
techniques at Marquardt puts to use 
modern optics equipment for the con- 
struction of prototype engines. 

At Marquardt, the engineer will find 
a broad range of challenging assign- 
ments and the opportunity to further 
his career through supplemental educa- 
tional programs. 

Within this Division, engineering 
openings exist now for: 

MetTHops ENGINEERS 
Toot ENGINEERS AUTOMATION ENGINEERS 
NUMERICAL CONTROL ENGINEERS 

For information about these posi- 
tions and the professional engineering 
environment at Marquardt, we invite 
you to write Jim Dale, Professional 
Personnel, today. 
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VAN NUYS, CALIFORNIA UTAH 
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Shown here: John S. Liefeld, Director Van Nuys Manufacturing Divisi 


— Manufacturing engineers no longer nee« 
Marquardt Means Opportunity 
feel because of the lack of up-to-date equipment. At Marquardt marquar “AIRCRAFT CO. 
pany sre an ENGINEER/BARRIER* has never existed—you will find the most ac va ) 
f ? “ k ‘a your future by looking to Marquardt, today. Address your inquiries to VAN NUYS, CALIFORNI ; 
Jim Dale, Professional Personnel, 16553 Saticoy Street, Van Nuys, California. 
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SPS Hi-Ti titanium aircraft bolts are regularly manufactured in four standard configurations: internal wrenching tension bolts, 
12-point external wrenching tension bolts, hexagon head external wrenching shear bolts, and flush head internal wrenching shear bolts. 
Weighing 437 less than steel bolts of equivalent dimensions, they can save you as much as 1000 Ib. per airframe—with no loss in strength. 


SPS Hi-Ti titanium bolts help you build 
lighter airframes without sacrificing strength 


HI-TI versus Alloy Steel BOLT 


STEEL A comparison of typical 
HI-Tl mechanical properties 


1.00 
RELATIVE WEIGHT es 0.57 


TENSILE STRENGTH (psi) 


* TENSILE STRENGTH- 174,500 
TO.WEGHT RATIO 295.750 
FATIGUE STRENGTH (psi) 
at 8,000,000 CYCLES 30.000 
(with 10% preload) ‘ 
STRENGTH-TO-WEIGHT 40,000 


RATIO at 
PEAK STRENGTH £7,500 


* ELONGATION (%) 
* REDUCTION IN AREA (%) 56.6 
Based on .357 gage specimen made 


from bolts 


Hi-Ti vs. alloy steel. Tensile, elongation and reduction area 
properties are based on the performance of bolt gage specimens. 
Endurance limit was determined by subjecting bolts to tension 
load alternating between maximum and 10°; preload for a 
total of 8,000,000 cycles without inducing failure. Significant 
comparison is the strength-to-weight ratio at endurance limit. 


SPS Hi-Ti titanium bolts help you solve the problem of 
reducing airframe weight without compromising strength. 
They weigh 43% less than alloy steel bolts of the same size. 
One |b. of them can do the work of 134 Ib. of steel bolts. 
Yet in tensile-strength-to-weight ratio and fatigue resist- 
ance, they outperform steel. 


Once considered a laboratory curiosity, titanium bolts 
have for some time been. standard production items at 
SPS. Hi-Ti bolts are found in many advanced design 
operational aircraft. This is because SPS—producer of the 
first successful titanium aircraft bolt—invested over 
$500,000 and several years of high priority research in 
learning how to deal with this promising but sensitive 
metal. Today SPS has the most extensive facilities in the 
industry for the production and testing of titanium fasteners. 
As a result, we can give you both the technical assistance 


and the delivery you need to utilize fully the advantages of 


titanium bolts in your current airframe projects. 


For more information on Hi-Ti titanium aircraft bolts, 
write Aircraft Products Division, STANDARD PRESSED STEEL 
Co., Jenkintown 58, Pa. 


STANDARD PRESSED STEEL CO 
AIRCRAFT PRODUCTS DIVISION 


JENKINTOWN PENNSYLVANIA 
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States Air Force. 


AERONAUTICAL ABSTRACTS 
A Review of Worldwide Scientific and Technical Literature 


Selected and prepared by the IAS Staff from currently released material received in 
the IAS Library. This research was supported in whole or in part by the Air Force 
Office of Scientific Research, Air Research and Development Command, United 


The literature abstracted in this section is available through the lending or photo- 
copying services of the IAS Library, New York. 


NATIONAL 


PUBLISHED MONTHLY BY THE AERONAUTICAL ENGINEERING REVIEW 
Official Publication of the Institute of the Aeronautical Sciences, 2 East 64th Street, New York 21, N.Y. 


Volume 2, Number 12 


AERODYNAMICS 


Aerothermodynamics 


MASS TRANSFER COOLING OF, A LAMINAR 
BOUNDARY LAYER BY INJECTION OF A LIGHT- 
WEIGHT FOREIGN GAS. E. R. G. Eckert, P. J. 
Schneider, A. A. Hayday, and R. M. Larson. 
Minn, U., Inst. Tech. , Dept. Mech. Eng. HTL TN14, 
June, 1957. 45 pp. Analysis to determine the vel- 
ocity, temperature, and concentration fields in a 
laminar air boundary layer on a flat plate in high- 
speed dissipative flow, the plate being considered 
porous and cooled by injection of hydrogen from its 
surface. The admixture of hydrogen, having a low 
density and high thermal capacity relative to air, is 
shown to greatly diminish the skin friction and to 
markedly relieve the adverse thermal effects of in- 
tense aerodynamic heating under conditions of hy- 
personic flow. 


INFLUENCE OF TURBULENCE ON TRANSFER 
OF HEAT FROM CYLINDERS. J. Kestin and P. 
F. Maeder. US, NACA TN 4018, Oct., 1957. 78 
pp. 36 refs. Measurement of the overall (mean) 
coefficients of heat transfer at very low Mach 
Numbers and.large Reynolds Numbers. Results, 
which are presented in the form of curves for 
Nusselt Number vs. Reynolds Number and Stanton 
Number vs. Reynolds Number (all based on mean 
properties), indicate that turbulence not only has 
the effect of shifting the point of laminar separation 
in subcritical flow or the point of transition in 
supercritical flow: varying the free-stream turbu- 
lence is shown to affect also the local rates of heat 
transfer. A survey of related analytical and ex- 
perimental work is included which shows that the 
present conclusions find ample support in previous 
investigations. 


EXPERIMENTAL INVESTIGATION OF TRANS- 
PIRATION COOLING FOR A TURBULENT BOUND- 
ARY LAYER IN SUBSONIC FLOW USING AIR AS A 
COOLANT. W. E. Brunk. US, NACA TN 4091, 
Oct., 1957. 35 pp. Tests to determine the effect 
of injecting coolant air through a porous sintered 


95 


December, 1957 


bronze plate into a constant-area tunnel through 
which hot air is flowing. Results show that a de- 
finite correlation exists between the porous wall 
temperature and the injected coolant-flow rate; 

wall temperature decreases as coolant-flow rate 
increases. The correlation for a given station a- 
long the porous plate appears independent of the 
type of test when based on local conditions. Results 
are compared with those of a theory for transpira- 
tion into a turbulent boundary layer with an isother- 
mal wall, 


THEORY AND APPARATUS FOR MEASURE- 
MENT OF EMISSIVITY FOR RADIATIVE COOLING 
OF HYPERSONIC AIRCRAFT WITH DATA FOR IN- 
CONEL AND INCONEL X. W. J. O'Sullivan, Jr. 
and W. R. Wade. US, NACA TN 4121, Oct., 1957. 
48 pp. 12 refs. Calculations of the amount of cool- 
ing attainable by radiation at Mach Numbers up to 
eleven and altitudes up to 100, 000 ft. presented for 
a flat plate with turbulent boundary layer aligned 
with the wind. The theory underlying the investiga- 
tion and measurements of total hemispherical emis - 
sivity are presented.. 


THE HETEROGENEOUS, LAMINAR, BOUND- 
ARY LAYER. J. R. Baron. (Mass-Transfer 
Cooling for Hypersonic Flight, Symposium, Santa 
Monica, June 24-26, 1957.:) MIT NSL TR 236 
(AFOSR TN 57-392) [AD 132474], 1957. 27 pp. 
Theoretical investigation of the general mass-trans- 
fer situation for which the fluid introduced into the 
high-speed boundary layer differs appreciably in 
physical properties from those of the external fluid 
flow. The descriptive system of equations is de- 
duced from Enskog's solution of the Boltzmann 
equation and includes provision for component mass 
conservation, energy migration resulting from spe- 
cific enthalpy differences, and thermodynamic cou- 
pling between the transport phenomena. A similari- 
ty analysis is presented for laminar flows with and 
without pressure gradients, and numerical results 
are given for helium and carbon-dioxide as foreign 
gases in a primarily air boundary layer flowing 
over a flat plate. 
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A SIMPLE MODEL OF THE NONEQUILIBRIUM 
DISSOCIATION OF A GAS IN COUETTE AND 
BOUNDARY LAYER FLOW. J. E. Broadwell. 
Douglas Rep. SM-22888, Aug., 1957. 62 pp. For- 
mulation of a simple model of a gas to illustrate 
the effects on heat transfer of (a) the dissociation 
into atoms of the nitrogen and oxygen molecules in 
air, due to high temperatures, and (b) the forma- 
tion of concentration gradients and the transfer of 
energy by interdiffusion of atoms and molecules - 
this interdiffusion resulting from nonuniform tem- 
peratures. Heat transfer is considered in three 
situations: in a layer of gas at rest between two 
walls at different temperatures, in Couette flow, 
and in a boundary layer on a flat plate. Two chemi- 
cal conditions of the walls are considered, and a 
mechanical analogy to the stationary and Couette 
flow problems is developed which provides a 
means of visualizing the influence of the parameters 
and boundary conditions on the temperature and cen- 
centration profiles. 


Boundary Layer 


THE STABILITY OF BINARY BOUNDARY 
LAYERS. Appendix A - A DISCUSSION OF THE 
BOUNDARY CONDITIONS AND ASSUMPTIONS IN 
A BOUNDARY LAYER FLOW WITH INJECTION OR 
SUCTION. E. E. Covert. MIT NSL TR 217 
(AFOSR TN 57-200) [AD 126497], June, 1957. 30 
pp. Calculations based upon boundary-layer sta- 
bility equations linearized according to Dunn and 
Lin's treatment. Results indicate that, for rela- 
tively small injection rates which ensure the va- 
lidity of the boundary-layer approximation, the sta- 
bility can be calculated for the binary boundary 
layer and for an n-component boundary layer in the 
usual way (based upon the steady-state velocity and 
density profiles) without additional complications 
due to the added equations. 


ASYMPTOTIC INTEGRATION OF SHOCK TUBE 
BOUNDARY LAYER EQUATIONS. W. Lick. 
Rensselaer Polytech. Inst. Dept. Aero. Eng. 

TR AE5705 (AFOSR TN-57-610) [AD 136600], July, 
1957. 13 pp. Integration of the compressible bound- 
ary layer equations for the case of a shock wave 
propagating into a stationary fluid, bounded by a 
wall, by an asymptotic method, first introduced by 
Meksyn for the usual case of a compressible bound- 
ary layer ona semi-infinite plate. Arbitrary con- 
stant Prandtl Number and viscosity proportional to 
the temperature are assumed. Simple algebraic 
equations are obtained from the momentum and en- 
ergy equations. 


THE LAMINAR BOUNDARY-LAYER FLOW ON 
ROTATING CYLINDERS, I - FLAT PLATE. Shao- 
Wen Liu. Cornell U.,Grad. Sch. Aero. Eng. Rep. 
(AFOSR TN 57-298) [AD 132369], June, 1957. 56 
pp. 12 refs. Extension of boundary-layer equa- 
tions for a rotating blade and their solutions to 
allow the axis of rotation to be arbitrarily located 
with respect to the loading edge of the blade. For 
the case of a flat plate, two parameters are used 
to construct the boundary-layer flow at various 
locations on the plate with respect to the location of 


(178) 
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the axis of rotation. A perturbation procedure is 
set up by expressing the velocity components in 
series expansions of the parameters. Successive 
orders in the velocity components are obtained by 
numerical integration. 


EXPERIMENTS ON BOUNDARY-LAYER TRAN- 
SITION AT SUPERSONIC SPEEDS. E. R. van 
Driest and J. C. Boison. (USAF OSR TN 55-465, 
Sept. 1, 1955.) J. Aero. Sci., Dec., 1957, 
pp. 885-899. Investigation to determine the effects 
of surface cooling on boundary-layer transition. 
The study was made at test section Mach Numbers 
of 1.97, 2.81, and 3.84 with an internally cooled 
20-in. 10° (apex angle) smooth cone in the presence 
of three levels of supply-stream turbulence (0. 4, 
2, and 9 per cent) and with several single-element 
roughnesses at fixed axial location. Transition 
data are obtained optically by means of a magnified- 
schlieren system. The results indicate that (1) 
transition on a smooth cone can definitely be de- 
layed-by surface cooling, (2) transition promoted 
by either supply-stream turbulence or surface 
roughness can also be delayed by surface cooling 
depending upon degree of turbulence or relative 
roughness,respectively, and (3) the adverse effects 
of increased turbulence and roughness decrease 
with increasing Mach Number. 


STABILITY OF LAMINAR BOUNDARY LAYER 
NEAR A STAGNATION POINT OVER AN IMPER- 
MEABLE WALL AND A WALL COOLED BY NOR- 
MAL FLUID INJECTION. M. Morduchow, R. G. 
Grape, and R. P. Shaw. US, NACA TN 4037, Aug., 
1957. 56 pp. 35 refs. Theoretical determination 
of minimum critical Reynolds Numbers for laminar 
instability of two-dimensional stagnation flows over 
a wall cooled by normal fluid injection, The indi- 
vidual as well as the net effects of wall temperature 
and norma! fluid injection on the stability character- 
istics of the laminar boundary layer are thereby in- 
vestigated. In order to study the effect of the fa- 
vorable pressure gradient in this type of flow, com- 
parison is made between results of calculations ob- 
tained herein and results of similar calculations for 
the flow over a flat plate, Treatment includes com- 
parison of various stability criteria, and, for cer- 
tain cases of normal mass-flow injection, a slight 
appropriate extension in the approximate stability 
criteria is made, 


SOME FURTHER JET FLAP EXPERIMENTS. 
N. A. Dimmock. Gt. Brit., ARC CP 345, 1957. 
70 pp. BIS, New York, $1.62. Presentation of re- 
sults of tests on a two-dimensional airfoil having a 
12.5% thick elliptical cross section with a narrow 
full span jet slot and a jet deflection 58.1° from 
the chord line. Test results support the thrust 
hypothesis, in that the measured thrust is greater 
than the reaction component from the deflected jet. 
The airflow around the airfoil is traced by smoke 
streams and recorded photographically. It is 
therey shown that, with the airfoil at zero inci- 
dence, the entrainment of the mainstream by the 
jet is sufficient to cause the former to rejoin the 
upper surface after separation at the leading edge, 
even with a full chord separation bubble. Some of 


t 
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these illustrations are presented, together with 
test results obtained at the same Reynolds Number. 


Control Surfaces 


EFFECTS OF ELEVATOR CIRCUIT STIFFNESS 
ON THE LOADING CONDITIONS IN LONGITUDINAL 
MANOEUVRES. Appendix I - THE EQUATIONS 
OF MOTION AND THEIR SOLUTION. D. R. Put- 
tock. Gt. Brit., ARC CP 354, 1957. 3lpp. BIS, 
New York, $0.81. Analysis indicating that the 
loading conditions at the tail in a rapid pull-out 
maneuver may be significantly dependent on the 
degree of stiffness present in the elevator circuit, 
and that acceptance of the assumption that the cir- 
cuit is rigid in the analysis of such maneuvers 
when it is not justifiable may lead to an underesti- 
mate of the critical loading conditions. It is sug- 
gested that the investigation may serve to illustrate 
a method of approach to other problems in which 
there exists an interaction between dynamic struc- 
tural distortions and elevator hinge moments. 


THE ROTATING FLAP AS A HIGH-LIFT DE- 
VICE. Appendix I - THEORY OF AN AEROFOIL 
WITH ROTATING FLAP. Appendix II - POWER 
REQUIRED TO ROTATE THE FLAP OF A TYPI- 
CAL FOUR-ENGINED TRANSPORT. L. F. Crab- 
tree and D. A. Kirby. Gt. Brit., RAE TN Aero. 
2492, Apr., 1957. 28 pp. Presentation of the re- 
sults of past research on the rotating flap, together 
with some further analysis. Some experimental re- 
sults for an isolated rotating wing are given, and 
the phenomena of autorotation and of the Magnus 
effect are discussed. The thin airfoil theory of a 
wing with a rotating trailing-edge flap is developed, 
and experimental results for such a configuration 
are given. The final discussion includes a correla- 
tion between the results for the wing with rotating 
flap and for an isolated rotating wing. 


WIND-TUNNEL INVESTIGATION AT LOW 
SPEEDS TO DETERMINE FLOW -FIELD CHARAC- 
TERISTICS AND GROUND INFLUENCE ON A 
MODEL WITH JET-AUGMENTED FLAPS. R. D. 
Vogler and T. R. Turner. US, NACA TN 4116, 
Sept., 1957. 48 pp. Investigation of jet flaps with 
deflections of 55° and 85° for jet-blowing energies 
covering a range representative of that of the out- 
put of current jet airplanes. The high lift coef- 
ficients, the drag coefficient, and the nose-down 
pitching-moment coefficient are all reduced when 
the wing is in the proximity of the ground. The ad- 
verse ground effects increase rapidly as the wing 
approaches, as the jet-deflection angle increases, 
or as the momentum coefficient increases. No 
ground effect is noted with either a deflection of 
55° (when the model is mounted higher than 3 
chords above the ground) or with a deflection of 85° 
(with the model mounted more than 5 chords above 
the ground). 


mentum air is blown from one to two nacelles over 
the double slotted flaps of 30% wing chord, incor- 
porating vanes of either 58.3% or 20% of the flap 
chord. Over the lift-coefficient range investigated 
these flaps produce about 80% of the lift produced 
by the jet-augmented plain flap. With the center of 
moments at 25% wing mean aerodynamic chord, 
large negative pitching moments are found to exist 
for the double-slotted-flap configurations which are 
comparable with those produced by the jet-augment- 
ed plain flap previously investigated. 


Fluid Mechanics & Aerodynamic Theory 


VARIATION OF FLOW QUANTITIES ALONG 
STREAMLINES AND THEIR PRINCIPAL NORMALS 
AND BINORMALS IN THREE-DIMENSIONAL GAS 
FLOWS. R. P. Kanwal. J. Math. & Mech.,Sept., 
1957, pp. 621-628. Discussion of the three-dimen- 
sional steady rotational gas flows of nonviscous and 
non-heat-conducting fluids. The purpose of the 
study is to investigate various dynamic and kine- 
matic relations connecting the flow quantities with 
the geometric parameters of the streamline tra- 
jectories. The expressions for the tangent, prin- 
cipal normal,and binormal vectors and the curva- 
ture and torsion of the streamlines are given in 
terms of the velocity components, pressure, and 
density. The relations connecting the vorticity 
components with the gradient of entropy are also 
investigated. The velocity components are found 
in terms of the curvature of the streamlines and 
the velocity gradients along the streamlines and 
their principal normals and binormals. In plane 
gas flows these results reduce to the results of 
Crocco and Thomas. 


A PROOF AND GENERALIZATION OF THE 
PRINCIPLE OF MINIMUM DISSIPATION. Paul 
Lieber and Koon-Sang Wan. Rensselaer Polytech. 
Inst. Dept. Geol. AFOSR TN 57-479 [AD 136471], 
Sept., 1957. 20 pp. Formulation of a variational 
principle which indicates that the principle of sta- 
tionary dissipation applies to the temporal mean 
flow. This principle restricts the admissible rota- 
tional flow regimes in a manner not embodied in 
the Navier-Stokes equation. In so doing, it may 
give a criterion and condition for selecting, from 
the class of flows admissible by the Navier-Stokes 
equation, the observable flow. When the stationary 
dissipation principle is formulated for the temporal 
mean flow in the large, it provides a condition for 
calculating the joining surface. The solution of 
this problem is fundamental in establishing the 
significant domain of integration. 


APPLICATIONS BASED ON VARIATIONAL 
PRINCIPLES FOR REAL FLUIDS. Koon-Sang Wan 
and Paul Lieber. Rensselaer Polytech. Inst. Dept. 
Geol. AFOSR TN 57-481 [AD 136473], Sept., 1957. 
36 pp. Application of the 'L" principle to the cal- 


WIND-TUNNEL INVESTIGATION OF EXTERNAL-culation of a real flow field about a circular cylin- 


FLOW JET-AUGMENTED DOUBLE SLOTTED 


FLAPS ON A RECTANGULAR WING AT AN ANGLE tion of the extent of the rotational regime. 


OF ATTACK OF 0° TO HIGH MOMENTUM COEF - 
FICIENTS. E. E. Davenport. US, NACA TN 
4079, Sept., 1957. 3l pp. Study in which high-mo- 


der in a manner which will include the determina- 
The dif- 
ferential equation governing the time dependent 
steady state motion according to the 'L" principle 
and the compatibility condition is investigated. 
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This investigation relates the temporal mean flow 
to the temporal fluctuations. It thereby suggests a 
connection with turbulent flow. The coupling of the 
time dependent motion and the temporal mean flow 
suggests the possibility of calculating inhomoge- 
neous turbulent flows from this point of view. 


MOTI A SIMMETRIA ASSIALE DI UNA MISCELA 
DI GAS A COMPOSIZIONE NON UNIFORME. L. 
G. Napolitano. L'Aerotecnica, June, 1957, pp. 
129-132. In Italian. Derivation of the basic equa- 
tions of axially symmetric motion for a nonreact- 
ing binary gas mixture with negligible body forces 
which are predicted in general curvilinear coordi- 
nates. Their application to axially symmetric 
motion within the boundary-layer approximation is 
investigated. Two simplified sets of equations are 
derived by taking into account the transverse cur- 
vature of the first and second approximations. By 
suitable definition of diffusion and energy fluxes in 
the Mangler plane, the Mangler transformation is 
extended to the subject motion. 


ON ALMOST RIGID ROTATIONS. K. Stewartson. 
J. Fluid Mech., Oct., 1957, pp. 17-26. Investiga- 
tion of flow between two coaxial rotating disks, each 
having an arbitrary small angular velocity super- 
posed on a finite constant angular velocity. It is 
found that, if the perturbation velocity is a smooth 
function of r, the distance from the axis, then the 
angular velocity of the main body of fluid is de- 
termined by balancing the outflow from the bound- 
ary layer on one disk with the inflow to the bound- 
ary layer on the other at the same value of r. At 
a discontinuity in the angular velocity of either 
disk, a shear layer parallel to the axis occurs. If 
the angular velocity of the main fluid body is con- 
tinuous, the purpose of this shear layer is solely 
to transfer fluid from the boundary layer at one 
disk to the boundary layer of the other. 


ON PLANE AND SPATIAL SOURCE IN COM- 
PRESSIBLE FLOW. M. Z. v. Krzywoblocki, L. 
Pottsepp, and M. Saarlas. Istanbul Tek. U., Bul., 
1957, pp. 19-27. Presentation of various solutions 
for the velocity potential of a source or sink in a 
plane and a spatial compressible flow domain, us- 
ing exact and approximate pressure density rela- 
tions for isentropic fluid. Assuming a steady, 
irrotational, isentropic flow of an inviscid, non 
heat-conducting fluid, the fundamental equations on 
which the authors base their work are: the equation 
of continuity, energy, irrotationality, and that of 
isentropic gas. 


ON THE NATURE OF THE SONIC LINE FOR 
SUPERSONIC AND HYPERSONIC FLOW OVER 
BLUNT BODIES. R. F. Probstein. Brown U., 
Div. Eng., USAF WADC TN 57-349 [AD 142037], 
Sept., 1957. 17 pp. 14 refs. Analysis indicating 
that, for axisymmetric flow, the body shape in the 
supersonic region influences the sonic line shape 
(and hence the subsonic flow region) at low super- 
sonic speeds but does not influence the sonic line 
shape at higher Mach Numbers, the location of the 
body sonic point being the only surface character - 
istic having any influence on the subsonic region 
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1957 


for the hypersonic problem. On the other hand, 
for plane flow some portion of the body in the 
supersonic region will influence the sonic line 
shape at all finite Mach Numbers, although this 
region of body influence will decrease with increas- 
ing Mach Number. 


LOW REYNOLDS NUMBER FLOW PAST A CIR- 
CULAR CYLINDER. Saul Kaplun. J. Math. & 
Mech., Sept., 1957, pp. 595-603. ONR-supported 
application of previously obtained results to the 
problem of finding a uniformly valid asymptotic 
expansion of the Navier-Stokes solution for incom- 
pressible stationary flow past a circular cylinder 
at low Reynolds Numbers. Some additional re- 
marks are made about the general two-dimensional 
problem. 


THE AXISYMMETRIC SUPERSONIC FLOW 
NEAR THE NOSE OF A POINTED BODY OF REVO. 
LUTION. L. G. Napolitano and Antonio Ferri. J. 
Aero. Sci., Dec., 1957, pp. 900-904. OSR-sup- 
ported development of an approximate method for 
the solution of supersonic flow based on the method 
of linearized characteristics. With this method it 
is possible to obtain an upper limit of the validity 
of the assumption that the perturbation derivatives 
remain finite and small throughout the flow field. 
Application is made to flow about the nose of the 
RM-10 body for several flight Mach Numbers, and 
the results are shown to be in good agreement with 
other. methods of analysis. 


ON THE TWO-DIMENSIONAL COMPRESSIBLE 
FLOW OVER A THIN SYMMETRIC OBSTACLE 
WITH SHARP SHOULDERS PLACED IN AN UN- 
BOUNDED FLUID AND IN A CHOKED WIND TUN- 
NEL, Ken-ichi Kusukawa, Phys. Soc. Japan J., 
Sept., 1957, pp. 1031-1041, ll refs. Study of tran- 
sonic flow in which a flow with free streamlines is 
used as a model, and is assumed to separate from 
the surface of the body at the shoulder instead of 
performing the Prandtl-Meyer expansion, Apply- 
ing the model flow method to the flow past a finite 
wedge, and comparing the results thus obtained 
with the more accurate solutions derived by Gu- 
derly, Cole, Hida, and Marschner, it is found that 
the accuracy of the predicted values of the pressure 
distribution over the surface or the heat drag coef- 
ficient is fairly good. However, at the choking 
Mach Number, the model flow gives a different 
value from that of real flow, 


VLIIANIE MALOGO ZATUPLENIIA PEREDNEI 
KROMKI PROFILIA NE EGO OBTEKANIE PRI 
BOL'SHOI SVERKHZVUKOVOI SKOROSTI. G. G. 
Chernyi. AN SSSR Dokl., June 1, 1957, pp. 72I1- 
724, In Russian, Study of the effect of leading- 
edge bluntness on the hypersonic flow around a pro- 
file using an approximate method based on the con- 


cept that in the case of strong shock waves the basic 


mass of gas in the disturbed region concentrates in 
the thin layer behind the shock wave and assuming 

that the mass of gas in the disturbed region moves 

together with the shock wave. 


ON THE COMPRESSIBLE FLOW OVER A SLEN- 
DER BODY OF REVOLUTION WITH A FLAT BASE 
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PLACED IN AN UNBOUNDED FLUID AND INA 
CHOKED WIND TUNNEL, Ken-ichi Kusukawa, 
Phys. Soc. Japan J., Sept., 1957, pp. 1042-1048, 
Comparison of the pressure coefficient on the sur- 
face of a cone at sonic speed, calculated by the 
model flow method, with Yoshihara's result ob- 
tained by the relaxation method, The method is 
then applied to several flows past a body of revolu- 
tion of finite length with a curved surface, 


TWO-DIMENSIONAL SUBSONIC AND SONIC 
FLOW PAST THIN BODIES. J. B. Helliwell and 
A. G. Mackie. J. Fluid Mech., Oct., 1957, pp. 
93-109. EOARDC-sponsored application of hodo- 
graph methods to determine the flow at high sub- 
sonic and sonic velocities past two-dimensional, 
symmetrical bodies. The boundary value problem 
for the determination of the stream function is 
simplified by the assumption of a free stream 
breakaway at sonic velocity from the shoulder of 
the body. A solution is obtained in terms of Bessel 
functions. The flow past a wedge of ismall-angie:is 
also discussed, and expressions are obtained for 
the pressure on the nose, the drag coefficient, and 
the width of the wake. 


INCOMPRESSIBLE POTENTIAL FLOW ‘ABOUT 
AXIALLY SYMMETRIC DUCT BODIES. Philip 
Levine. USAF WADC TN 57-287 [AD 130967], Aug., 
1957. 45 pp. 24 refs. Derivation of velocity po- 
tentials and stream functions for a point source, 
doublet, ring source, ring doublet, disk source, 
disk doublet, ring vortex, and line source for the 
case of axially symmetric incompressible potential 
flow in an infinitely long duct of constant diameter. 
Methods for the development of arbitrary body 
shapes in uniform ducted flow with a prescribed 
velocity and specified body coordinates are present- 
ed. 


A DISCUSSION OF CONE AND FLAT-PLATE 
REYNOLDS NUMBERS FOR EQUAL RATIOS OF 
THE LAMINAR SHEAR TO THE SHEAR CAUSED 
BY SMALL VELOCITY FLUCTUATIONS IN A 
LAMINAR BOUNDARY LAYER. N. Tetervin. 

US, NACA TN 4078, Aug., 1957. 25 pp. 10 refs. 
Approximate analysis which indicates that the ratio 
of the cone Reynolds Number for transition (based 
on the distance to the cone apex) to the plate Rey- 
nolds Number for transition (based on the distance 
to the leading edge) is not in general equal to three, 
as has been suggested by other investigators. Re- 
sults indicate that the ratio varies from three, when 
transition occurs at the minimum critical Reynolds 
Number, to unity, when transition occurs at a large 
multiple of the critical Reynolds Number. 


SLENDER-BODY CALCULATIONS OF LOCAL 
LIFT ON SOME NON-AXIALLY SYMMETRIC 
BODIES WITH APPLICATION TO WIND TUNNEL 
HALF MODELS. Appendix I - LOCAL LIFT DIS- 
TRIBUTION FROM SLENDER-BODY THEORY. Ap- 
pendix II - FLOW PRODUCED BY TWO-DIMEN- 
SIONAL ELLIPTIC BODY WHICH IS MOVING AND 
GROWING. Appendix III - BODIES WITH SIMILAR 
ELLIPTIC CROSS SECTIONS (A = CONSTANT). 

M. E. Graham and Z. O. Bleviss. Douglas Rep. 


_preciable Magnus force on these sections. 
ition of these sections does, however, produce an 


SM-22771, Apr., 1957. 29 pp. Application of 
slender-body theory to the calculation of the local 
lift distribution on certain bodies. Bodies of a 
special cross section with a flat center region are 
investigated by means of an electrical analog, and 
bodies with elliptical cross sections of varying ec- 
centricity are studied analytically. These bodies 
represent an idealization of a fuselage half model 
which is placed outside the wall boundary layer by 
using a skin between the model and the wall. The 
lift on such a half model is compared with half the 
lift on the full model. 


LOW -SPEED EXPERIMENTAL INVESTIGATION 
OF THE MAGNUS EFFECT ON VARIOUS SEC - 
TIONS OF A BODY OF REVOLUTION WITH AND 
WITHOUT A PROPELLER. M. J. Queijo and H. 
S. Fletcher. US, NACA TN 4013, Aug., 1957. 68 
pp. Test results which show that, with the propel- 
ler off, rotation of sections in the expanding por- 
tion of the body (nose of the body) produce no ap- 
Rota- 


appreciable Magnus force on the part of the body 
downstream.of the maximum diameter. These re- 
sults: are believed to be associated with the posi- 
tion and strength of the vortices shed from the body. 
With the propeller on the body of revolution, a large 
Magnus force is developed on sections of the body 
behind the propeller. The Magnus force on sec- 
tions ahead of the propeller is small and independ- 
ent of whether these sections are rotating. 


THEORETICAL CALCULATION OF THE FLOW 
ON BLUNT-NOSED AXISYMMETRIC BODIES IN 
A HYPERSONIC STREAM. M. Zlotnick and D. J. 
Newman, Avco, Res. & Advanced Devel. Div., 
RAD TR 2-57-29, Sept. 19, 1957. 68 pp. Develop- 
ment of both a rapid approximate calculation and 
a numerical method for obtaining a solution to any 
desired accuracy. The approximate method is de- 
veloped for calculating stagnation-point velocity 
gradient, pressure distribution, and shock-detach- 
ment distance of the stagnation point on the face of 
a flat-nosed cylinder. A comparison of calculated 
stagnation-point shock distances with experimental 
results is shown to be satisfactory. The solution 
for'the inverse problem of axisymmetric flow ona 
blunt body behind a given detached shock is pre- 
sented, and some numerical results are shown. 


STUDIFS ON THE LOW SUPERSONIC FLOW 
WITH A DETACHED SHOCK; AN ANALYTIC 
DETERMINATION OF THE FLOW AROUND A CYL- 
INDER WITH A DETACHED CURVED SHOCK, Jiro 
Kondo. Japan Soc. Aero. Eng. J., Sept., 1957, pp. 
241-245. In Japanese. Analysis in which the 
stream function of the flow pattern behind the shock 
is expressed in a trigonometric series with unde- 
termined coefficients. Then, assuming the shape 
and the location of the shock wave, linear equa- 
tions of these coefficients are introduced by shock 
conditions. An example of flow at Mach 2 around 
a cylinder is worked out with a three-parameter 
approximation, and the density variation along the 
axis is compared with data obtained by experiment. 
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THE INTERACTION OF A REFLECTED SHOCK 
WAVE WITH THE BOUNDARY LAYER IN A SHOCK 
TUBE. Appendix I - MACH NUMBER DISTRIBU- 
TION ACROSS THE BOUNDARY LAYER, Appendix 
Il - AWEAKSHOCK REFLECTED AT AWALL. Ap- 
pendix III - CALCULATION OF ANGLES OF THE 
INTERACTION PATTERN. Appendix IV - REYN- 
OLDS NUMBER FOR THE REFLECTED SHOCK- 
BOUNDARY LAYER INTERACTION. Appendix V - 
CALCULATION OF THE SIZE OF THE SHOCK 
WAVE-BOUNDARY LAYER INTERACTION. 
Herman Mark. Cornell U. Grad. Sch. Aero. Eng. 
Rep. (AFOSR TN 57-345) [AD 132418], June, 1957. 
149 pp. 20 refs. Analysis in which simplifying as- 
sumptions are made for the interaction of the shock 
reflected from the closed end of a shock tube with 
the boundary layer of the initial-shock afterflow. 

It is predicted that interactions of several different 
types will exist in different ranges of initial shock 
Mach Number, and it is shown that the cooling ef- 
fect of the wall on the afterflow boundary layer ac- 
counts for the change in interaction type. An ex- 
periment verifies the existence of several interac - 
tion regions and shows that they are satisfactorily 
predicted by theory. 


ON THE PROPAGATION AND DECAY OF 
SPHERICAL BLAST WAVES. T. Y. Thomas. J. 
Math. & Mech., Sept., 1957, pp. 607-619. Results 
of the application of recently obtained data on com- 
patibility conditions to the problem of the propaga- 
tion of spherical blast waves. It is assumed that 
the gas is devoid of viscosity and thermal conduc - 
tivity; since the flow is spherically symmetric it 
is therefore governed by the equations of motion 
and continuity, and by the entropy condition. The 
problem is concerned with a spherical region, hav- 
ing its center at the point O, which is expanding 
into a gas at rest. 


i 


A RAPID METHOD FOR PREDICTING AT- 
TACHED-SHOCK SHAPE. E. S. Love and R. H. 
Long. US, NACA TN 4167, Oct., 1957. 34 pp. 
Development of a method for the rapid prediction 
of the shape of attached shocks emanating from 
smoothly contoured axisymmetric and two-dimen- 
sional nose shapes. The method covers Mach Num- 
bers from about 1.5 to 5.0 and semiapex angles at 
the tip of the nose up to values near those for sonic 
conditions behind the shock. From a practical 
viewpoint the accuracy of the method is comparable 
to that of the method of characteristics. 


O SPINOVOI DETONATSIIL B. V. Voitsekhovskii. 
AN SSSR Dokl., June l, 1957, pp. 717-720, In 
Russian, Study of the spin detonation, The para- 
meters of a gas in the space between the front of 
a shock wave and the combustion zone are deter- 
mined by the upper bounds of the Hugoniot's adia- 
batic curve. An assumption is introduced stating 
that the Zhuge condition is valid for the entire spin 
detonation wave as well as for the secondary detona- 
tion wave, moving along the compressed gas behind 
the shock front perpendicular to the periphery. 


MOLECULAR APPROACH TO PROBLEMS OF 


HIGH-ALTITUDE, HIGH-SPEED FLIGHT. G. N. 
Patterson. UTIA Rev. 10 (AFOSR TN 57-311) [AD 
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132382], May, 1957. 65 pp. 61 refs. Discussion 
of the zones i: the upper atmosphere, the regimes 
of fluid mechu:.1cs based on considerations of rare- 
faction and temperature, and the modern experi- 
mental methods for investigations in some of these 
regimes. Further consideration is given to rare- 
faction effects (discussei in terms of gas-surface 
interactions), free molecule flow and slip flow, and 
Newtonian flow as an extension of free molecule 
motion. The effects of high temperature are indi- 
cated for undissociated air and air in dissociation 
equilibrium, and the important effects of relaxa- 
tion are outlined. 


INTRINSIC FORM OF THE CHARACTERISTIC 
RELATIONS IN THE STEADY SUPERSONIC FLOW 


OF A COMPRESSIBLE FLUID. N. Coburn. Quart. 
Appl. Math., Oct., 1957, pp. 237-248. OOR-sup- 


ported expression of the characteristic relations 
for the steady, supersonic, three-dimensional, ro- 
tational and irrotational motion of a polytropic gas 
in intrinsic form, and application of these rela- 
tions to the study of a class of space Beltrami mo- 
tions. To obtain intrinsic forms of the character- 
istic relations, the equations of motion, continuity, 
and energy are expressed in terms of a set of char- 
acteristic variables. These variables are then re- 
duced to intrinsic form by expressing the partial 
derivatives of the components of the velocity vector 
in terms of the directional derivatives for the mag- 
nitude of the velocity vector, q, the sound speed, 

c, and for the curvature vectors associated with 
the characteristic manifolds. 


DIFFUSION IN FREE TURBULENT SHEAR 
FLOWS. G. K. Batchelor. J. Fluid Mech., Oct., 
1957, pp. 67-80. Study of some statistical proper- 
ties of the displacement of a marked fluid particle 
released from a given position in a turbulent shear 
flow, and in particular with the dispersion about 
the mean position after a long time. The analysis 
is based on the hypothesis that in steady free tur- 
bulent shear flows, which are generated at a point 
and have a similar structure at different stations 
downstream, the velocity of a fluid particle exhibits 
a corresponding Lagrangian similarity and can be 
transformed to a stationary random function. 


FURTHER INVESTIGATIONS ON THE TRI- 
ANGULAR-PATCH STIMULATOR. J. C. Hegarty 
and F, R. Hama. U. Md. Inst. Fluid Dynamics & 
Appl. Math. TN BN-107 (AFOSR TN 57-616) [AD 
136605], June, 1957. 10 pp. Investigation into the 
effect the geometry of triangular patches has in 
causing breakdown from laminar to turbulent flow. 
Results indicate that variations in shape and size 
of the plan form of the triangles do not affect the 
transition Reynolds Number appreciably. The ef- 
fectiveness, however, is rather sensitive to the 
flow direction to the stimulator. 


EQUIPARTITION OF ENERGY AND LOCAL 
ISOTROPY IN TURBULENT FLOW. M. S. Uberoi. 
J. Appl. Phys., Oct., 1957, pp. 1,165-1,170. In- 
vestigation of homogeneous turbulence in which 

<v*> = (w2> # (u2) is produced experimentally, 
where (u2> <v2> and (w%) are the mean-square 
turbulent velocities in x,y, and z direction, re- 
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spectively, The decay of turbulence and the energy 
transfer between {u2)and + are mea-~ 
sured, and its is found that the larger components 
(<v2> and <w2 are losing more energy due to 
viscosity than by transfer to the smaller component 
However, receiving enough energy 
by transfer to compensate for its decay and is in 
fact slowly increasing. The measurement of mean- 
square vorticity components shows that the turbu- 
lence is becoming locally isotropic at a faster rate 
than the equipartition of energy is taking place, In 
another set of experiments it is found that when 
isotropic turbulence is subjected to deformation, 
the three components of turbulent energy become 
widely different in magnitude and that the turbulence 
is not locally isotropic. This indicates that even at 
high Reynolds Number the deformation in a shear 
flow may cause anisotropy. 


Internal Flow 


AEROFOILS IN CASCADE WITH BOUNDARY 
LAYER CONTROL. C.H. J. Johnson. Australia, 
ARL Mech. Eng. Note 222, July, 1957. 9 pp. De- 
sign of a cascade determined on the basis of its 
velocity distribution in two-dimensional flow. The 
method of design is due to Lighthill and involves 
prescribing the velocity over the two-dimensional 
airfoil surface as a function of position on the unit 
circle into which the cascade of airfoils is trans- 
formed. The principal featuer of the present cas- 
cade design is the inclusion in the velocity distribu- 
tion of a steep fall in velocity toward the trailing 
edge over a short distance on the upper surface of 
each airfoil. This steep fall is made possible by 
the action of a ''suction area."' 


SOME REMARKS ON THE SOLUTION OF A 
SYSTEM OF EQUATIONS OCCURRING IN LAMINAR 
MIXING WITH AXIAL PRESSURE GRADIENTS. L. 
G. Napolitano. Polytech. Inst. Bklyn., Dept. 
Aero. Eng. & Appl. Mech., PIBAL Rep. 393 
(AFOSR TN 57-609) [AD 136599], Sept., 1957. 15 
pp. Investigation of a fifth order system of equa- 
tions with three-point boundary conditions in order 
to obtain solutions by means of high speed comput- 
ing machine. Two methods of solution are present- 
ed. In the first one a suitable change of variables 
reduces the original equations to integro-differen- 
tial equations defined over a finite interval of the 
independent variable. The second method considers 
the solution as an "initial value'"' problem. 


AN INVESTIGATION ON DIFFUSION IN A 
SUPERSONIC COMPRESSOR STATOR PASSAGE 
IN THE PRESENCE OF ROTOR BLADE WAKE 
AND HUB AND SHROUD BOUNDARY LAYER. V. 
D. Agosta and Anthony Martellucci. Polytech. 
Inst. Bklyn., Dept. Aero. Eng. & Appl. Mech. 
PIBAL Rep. 394, Oct., 1957. 44 pp. 14 refs. 
ONR-sponsored experiments in which data are ob- 
tained for four wake positions, with respect to the 
stator passage inlet, and for two boundary layer 
thicknesses, on the hub and shroud surfaces. 
Throughout the investigation the stator passage is 
two-dimensional with no turning and consists of 
two blade surfaces and a hub and a shroud surface. 


Test results indicate that, for the supersonic dif- 
fuser, the losses due to nonhomogeneity are great- 
er than those due to viscous mixing. Therefore, 
in order to obtain high pressure recovery, the 
distance between the wake generating source and 
the diffuser throat should allow diffusion of the 
wake. 


AN INVESTIGATION OF FLOW IN CIRCULAR 
AND ANNULAR 90° BENDS WITH A TRANSITION 
IN CROSS SECTION. S. W. Wilbur. US, NACA 
TN 3995, Aug., 1957. 32 pp. Study of the per- 
formance of circular and annular 90° bends with 
cross-sectional areas that are constant, expanding, 
and contracting. The data presented include the 
exit velocity profiles, the relative total-pressure 
loss coefficients measured at the exit station, and 
an index for the exit total-pressure distortion. 
Separation of the flow in the bend occurs for all 
configurations except those of contracting area. 
With the transition in cross section downstream of 
the bend proper, the separated region is removed 
by natural mixing but is accompanied by higher 
pressure losses. 


ON THE INFLUENCE OF WALL BOUNDARY 
LAYERS IN CLOSED TRANSONIC TEST SECTIONS. 
Appendix I, II - UNIQUENESS THEOREMS. Ap- 
pendix III - AN APPROXIMATE BOUNDARY CON- 
DITION FOR SUPERSONIC FLOW. S. B. Berndt. 
Sweden, Flygtekniska Férséksanstalten, FFA Medd. 
71 (Rep. 71), 1957. 78 pp. 38 refs. Application of 
the small perturbation theory to study the effect of 
boundary layers on reduction of wall interference 
at the test section walls of a transonic wind tunnel. 
It is assumed that viscosity is negligible when per- 
turbating the layer. An approximation for thin 
boundary layers leads to a modified boundary condi- 
tion at the wall of the test section, expressing the 
normal streamline slope induced by changes in 
mass flow density and cross flow within the bound- 
ary layer. Application of this boundary condition 
to the linearized equations of subsonic flow and to 
the non-linear transonic equations at chcking indi- 
cates that all corrections, except the three-dimen- 
sional angle-of-attack correction, are considerably 
reduced by the presence of the boundary layers at 
Mach Numbers greater than 0.9. 


TWO DIMENSIONAL COMPRESSIBLE SHEAR 
FLOW IN ACHANNEL. J. D. Murray. Quart. 
Appl. Math., Oct., 1957, pp. 231-236. Illustration 
of the principal physical features of the completely 
sub- and supersonic adiabatic rotational flow 
through a divergent channel, with particular refer- 
ence to the effect of the divergence of the channel 
on the vorticity and the stream lines. 


A NOTE ON TURBULENT BOUNDARY-LAYER 
ALLOWANCES IN SUPERSONIC NOZZLE DESIGN. 
E. W. E. Rogers and B. M. Davis. Gt. Brit., 
ARC CP 333, 1957. 24pp. 32 refs. BIS, New 
York, $0.54. Discussion of theoretical methods 
for computing the growth of turbulent boundary 
layers along both the curved and straight walls of 
a rectangular supersonic wind tunnel. Comparison 
of estimated values with those obtained through ex- 
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perimentation indicates that there is slight evidence 
for the assertion sometimes made that transition 
occurs on the curved contour at the point of inflec- 
tion downstream of the throat. Since the transition 
position fluctuates with tunnel] stagnation pressure, 
and because the boundary layer growth near the 
transition region is not easy to calculate, it may 

be desirable to provoke transition artificially (by 
means of a wire or surface roughness, for ex- 
ample) well upstream of the throat. 


VISCOUS FLOWS PAST A SPHEROID. ShOichi 
Wakiya. Phys. Soc. Japan J., Oct., 1957, pp. 
1,130-1,141. Solutions of Stokes equations for flows 
past an ellipsoid. Utilizing these results, two 
kinds of steady flows past a spheroid are studied 
when the direction of the main stream is parallel 
to the axis of symmetry of the spheroid. The first 
is the flow past a spheroid between two parallel 
walls, and the second is the flow past a spheroid in 
a cylindrical pipe. The drag and moment acting on 
the spheroid as well as the pressure drop in the 
pipe are discussed. 


STATIC PRESSURE DISTRIBUTION IN THE 
FREE TURBULENT JET. D. R. Miller and E. W. 
Comings. J. Fluid Mech., Oct., 1957, pp. 1-16. 
22 refs. Measurements of mean velocity, turbu- 
lent stress, and static pressure in the mixing re- 
gion of a' jet of air issuing from a slot nozzle into 
still air. The results are examined in terms of 
the unsimplified equations of fluid motion, and com- 
parisons are drawn with the common assumptions 
and simplifications of free jet theory. Appreciable 
deviations from isobaric conditions exist, and the 
deviations are closely related to the local turbulent 
stresses. Negative static pressures are encoun- 
tered everywhere in the mixing field except in the 
potential wedge region immediately adjacent to the 
nozzle. Lateral profiles of mean longitudinal ve- 
locity conform closely to an error curve at all 
stations further than seven slot widths from the 
nozzle mouth. 


A PHILOSOPHY FOR IMPROVED ROCKET 


NOZZLE DESIGN. R. B. Dillaway. Jet Propul- 
sion, Oct., 1957, pp. 1,088-1,093. 16 refs. Method 


to design short high area ratio supersonic nozzles 
having performance equal to or superior to pres- 
ent conical nozzle motors at design altitude. The 
assumptions and approximations used are present- 
ed together with the procedure for applying the 
characteristic method of flow analysis in the nozzle 
in arriving at a proper nozzle wall contour for ax- 
ial exhaust. 


THE LAMINAR AND TURBULENT MIXING OF 
JETS OF COMPRESSIBLE FLUID. II - THE MIX- 
ING OF TWO SEMI-INFINITE STREAMS. L. J. 
Crane, J. Fluid Mech., Oct., 1957, pp. 81-92. 
Application of methods developed in a previous 
paper to the mixing of two parallel streams for 
both laminar and turbulent flows. The effects of 
high velocity and large temperature difference are 
treated together. The stream function is developed 
in a double series of powers for two parameters, 
the first being the Mach Number and the second 
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depending on the temperature difference of the 
streams. 


Stability & Control 


THE ROLL COUPLING PROBLEM - A MATHE- 
MATICAL APPROACH. R. Westerwick. Aero. 
Eng. Rev., Dec., 1957, pp. 48-51. Analysis using 
linearized equations of motion and the predominant 
cross-coupling terms. The equations are divided 
into two sets: the steady-state equations and the 
stability equations. The solutions are made in 
terms of the Laplace operator S. If any root is 
positive, the aircraft is unstable at the rolling rate 
Yo. The type of automatic control to correct inertia 
coupling is determined. This involves the decrease 
in pitching moment coefficient, or the increase in 
the rolling moment coefficient. 


Wings & Airfoils 


ULTRASCHALLWELLE AM TRAGFLUGEL- 
PROFIL BEI HOHLSOG. I. F. Numachi. Tohoku 
U., Rep. Inst. High Speed Mech., vol. 8, 1957,pp. 
141-162. In German. Experimental investigation 
of the ultrasonic wave spectra produced by cavita- 
tion, using Clark Y airfoil profiles. The relation- 
ship between the wave frequency and the shock pres- 
sure at various angles of incidence depending on the 
cavitation number is also studied. 


TRANSONIC FLOWS AROUND SYMMETRIC 
AIRFOILS, WITH DETACHED SHOCK WAVE. 
Silvio Nocilla. Torino Polytech. Inst. Appl. Mech. 
Lab. TN 1 (AFOSR TN 57-493) [AD 136483], Apr. 
24, 1957. 27 pp. Extension of the approximation 
of Tomotika and Tamada to the development of a 
process for constructing motion fields around sym- 
metrical wing profiles. As a basis for the work, 
suitable singular functions on the hodograph plane 
are utilized as stream functions, and the asymptotic 
Mach Number is taken as greater than one. The 
theoretical setting-up is followed by the numerical 
calculation of a particular profile and the flow 
around it, as well as by a comparison with the cor- 
responding results relating to the case in which the 
Mach Number equals one. 


THE USE OF PURE TWIST FOR DRAG REDUC- 
TION ON ARROW WINGS WITH SUBSONIC LEAD- 
ING EDGES. Appendix A - GENERAL FORMULAS 
FOR PRESSURE DISTRIBUTIONS. Appendix B - 
CALCULATION OF LEADING-EDGE THRUST. F. 
C. Grant. US, NACA TN 4104, Aug., 1957. 28pp. 
Linearized-theory calculations to determine the 
drag reduction achieved by applying the first three 
terms of a power series for twist to flat delta wings, 
and the drag reduction achieved by applying linear 
delta twist to a family of flat arrow wings. Results 
show a 6% drag reduction in twisting for a flat 
delta wing with sonic leading edges, and a steady 
decrease in the gains as sweepback increases. For 
a family of linearly twisted arrow wings, the maxi- 
mum drag reduction is 2% in the medium sweep- 


back range with a steady diminution in both direc- 
tions. 
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THE BODY LIFT OF LOW ASPECT RATIO 
WING-BODY COMBINATIONS IN STEADY SUB- 
SONIC FLOW. Fu-Hsing Tsien. Japan Soc. Aero. 
Eng. J., Sept., 1957, pp. 246-250. In Japanese. 
Calculation using the lifting surface theory and the 
weighting function of complex potential for slender 
wing-body combinations. The result is compared 
with Spreiter's theory for the body lift of very low 
aspect ratio wing-body combinations, and with 
other theories obtained from lifting line theory for 
high aspect ratio wing-body combination. It is 
found that the result is valid over the whole range 
of the body diameter-to-span ratio. The methodis 
shown to be a better approximation than the above 
theories over a range of aspect ratios from zero 
to four. 


AEROELASTICITY 


FLUTTER OF WINGS WITH LOCALISED 
MASSES. W. G. Molyneux. RAeS J., Oct., 1957, 
pp. 667-678. 19 refs. Deductions indicating that 
there is an optimum choice of modes for use in 
flutter calculations for wings with localized masses. 
These modes are obtained with artificial constraints 
imposed on the wing at the localized mass section 
fixing the wing at this section in translation and/or 
pitch. It is deduced that for certain mass loca- 
tions,types of flutter are obtained that are insensi- 
tive to increase of localized mass, beyond a cer- 
tain value, with flutter speeds considerably greater 
than that of the fixed root bare wing. It is further 
concluded that, for the majority of aircraft con- 
figurations, the maximum flutter speeds for these 
types of flutter will be realized when the localized 
mass is in the region of two-thirds semi-span 
from the root. 


EFFECTS OF AIRPLANE FLEXIBILITY ON 
WING STRAINS IN ROUGH AIR AT 5,000 FEET AS 
DETERMINED BY FLIGHT TESTS OF A LARGE 
SWEPT-WING AIRPLANE. R. H. Rhyne and H. 

N. Murrow. US, NACA TN 4107, Sept., 1957. 32 
pp. Includes determination of amplification factors 
defining the ratio of the strains in rough air to the 
strains expected for a rigid and quasi-rigid air- 
plane. The latter investigation is carried out in 
order to evaluate the overall magnitude of the aero- 
elastic effects on the strains and their variation 
with spanwise location, and the results indicate that 
such effects are rather large, particularly at the 
outboard stations. The effects of dynamic aero- 
elasticity appear to increase the strains from 0 to 
170%, depending on the spanwise station; on the 
other hand, the relieving effects of static aeroelas- 
ticity appear to reduce the strain amplification in 
rough air by a significant amount. 


ESTIMATION OF THE FREQUENCIES OF THIN 
ELASTIC PLATES WITH FREE EDGES. Tosio 
Kato, Hiroshi Fujita, Yoshimoto Nakata, and 
Morris Newman. J. Res., Sept., 1957, pp. 169- 
186. ll refs. Consideration of a variational method 
of calculation with rigorous error estimates. Asa 
numerical example, the fundamental frequency ofa 
square plate with the Poisson ratio 0.225 is calcu- 
lated with a satisfactory result, the possible rela- 


tive error being less than 1/2000. Generalization to 
more complicated boundary conditions is straight- 
forward. 


INSTRUMENTS 


Flow Measuring Devices 


MICRODEBITMETRE A PERTE DE CHARGE 
D.F.G. F. Debeauvais, R. Feidt, and.C. Gebel. 
France, Min. de l'Air NT 64, 1957. 23 pp. 12 
refs. SDIT, 2 Av. Porte-d'Issy, Paris 15, Frs. 
400. In French. Description of the D.F.G. pres- 
sure loss microflowmeter intended for measuring 
flow quantities of the order of cc./sec. This in- 
strument uses the principle of the loss of pressure, 
in laminar regime, of a liquid in a long capillary 
tube, of linear pressure/flow characteristics. The 
developed theory takes into account entry correc- 
tions and temperature effects. Includes descrip- 
tion of experimental investigations and calibration. 


MATERIALS 
Metals & Alloys 


CONTROLE DE LA QUALITE DES MATERIAUX 
METALLIQUES DESTINES A LA CONSTRUCTION 
DES MOTEURS D'AVION. R. Huet de la Tour. 
Docaéro, Sept., 1957, pp. 51-60. In French. Dis- 
cussion of the control over the metals and their 
alloys used for aircraft construction. Includes: 
determination of properties, chemical and metal- 
lurgical criteria, effect of homogeneity; various 
defects and methods for their detection; production 
techniques; design techniques; creation of a central 
agency and development of means of control. 


MATERIALS FOR AIRCRAFT STRUCTURES 
SUBJECTED TO KINETIC HEATING. A. J. Mur- 
phy. RAeS J!, Oct., 1957, pp. 653-666. Discus- 
sion of alloys of aluminum, magnesium, titanium, 
and nickel, and of steel, in relation to their suita- 
bility for structures operating at speeds of up to 
Mach Number 4 with accompanying temperatures 
of up to 400°C. Test results indicate that there 
will be technical competition between the stronger 
heat-treated titanium alloys and precipitation- 
hardened stainless steels. The steels have an 
important advantage in their greater case of work- 
ing when in the "'solution-treated" condition. In 
cases where a low coefficient of thermal expansion 
combined with high strength is of major importance, 
consideration might be given to the precipitation- 
hardening Invars. 


MATHEMATICS 


COHOMOLOGY OPERATIONS AND OBSTRUC- 
TIONS TO EXTENDING CONTINUOUS FUNCTIONS. 
N. E. Steenrod. Princeton U. Colloquium Lec- 
tures (AFOSR TN 57-548) [AD 136532], Aug., 1957. 
60 pp. 30 refs. Discussion of the current stage 
of development of algebraic topology, with empha- 
sis upon investigations undertaken in the hope of 
finding a general solution to the many extension 
problems remaining unsolved. After general out- 
lines of the extension problem and the methods of 
finding solutions in special cases, a review is 
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presented of the research done by Eilenberg- 
MacLane, H. Cartan, and others, and the conclu- 
sion states the possibility that what is needed is 

a method of dissecting a mapping similar to the 
dissection of spaces. 


THE PADE TABLE AND THE T-METHOD. 
Y. L. Luke. Midwest Res. Inst. Rep. (AFOSR TN 
57-570) [AD 136555], Aug., 1957. 42 pp. 24 refs. 
Study of required analytic tools to appraise the 
error incurred when approximating a given tran- 
scendental with a given number of terms. To do 
this the rational function representations of the 
function E are presented. Closed form expres- 
sions for the error are derived, and it is shown 
that these may be used to realistically appraise 
the error in a convenient manner. 


ON THE NUMERICAL SOLUTION OF STURM- 
LIOUVILLE DIFFERENTIAL EQUATIONS. C. C. 
Farrington, R. T. Gregory, and A. H. Taub. 
Math, Tables & Aids to Comp., July, 1957, pp. 131- 
150. Analysis to obtain an algebraic characteristic- 
value problem from whose solution approximations 
may be derived to the characteristic values and 
characteristic functions of the Sturm-Liouville 
equation, Treatment makes use of the well-known 
relation existing between a Sturm-Liouville diff- 
erential equation - together with its boundary con- 
ditions and normaliz:.tion condition - and a problem 
in the calculus of variations, 


MISSILES 


A STUDY OF THE MOTION AND AERODYNAM- 
IC HEATING OF MISSILES ENTERING THE 
EARTH'S ATMOSPHERE AT HIGH SUPERSONIC 
SPEEDS. Appendix A, B - SIMPLIFYING AS- 
SUMPTIONS IN THE CALCULATION OF AERO- 
DYNAMIC HEATING. H. J. Allen and A. J. 
Eggers, Jr. US, NACA TN 4047, Oct., 1957. 61 
pp. 16 refs. Simplified analysis of the velocity 
and deceleration history of missiles entering the 
earth's atmosphere at high supersonic speeds. The 
results of this motion analysis are used to indicate 
means available to the designer for minimizing 
aerodynamic heating. The heating problem con- 
sidered involves not only the total heat transferred 
to a missile by convection, but also the maximum 
average and local time rates of convective heat 
transfer. 


EXIT AND RE-ENTRY PROBLEMS. G. V. Bull, 
K. R. Enkenhus, andG. H. Tidy. CAI-IAS Joint 
Meeting, Montreal, Oct. 21, 22, 1957, Preprint 
759. 2l refs. Members, $0.35; nonmem- 
bers, $0.75. Review of some of the problems as- 
sociated with the exit and re-entry portions of long 
range ballistic rocket trajectories. Initial consid 
eration is given to the nature of typical ballistic 
trajectories in order to establish the range of val- 
ues of pertinent parameters. After reviewing the 
various phases of some of the flight problems as- 
sociated with the range of parameters indicated, 
some of the current laboratory simulation equip- 
ment is discussed. Discussions are confined to 
the extreme hypersonic Mach Number problems. 
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MOTION OF A BALLISTIC MISSILE ANGULAR- 
LY MISALIGNED WITH THE FLIGHT PATH UPON 
ENTERING THE ATMOSPHERE AND ITS EFFECT 
UPON AERODYNAMIC HEATING, AERODYNAMIC 
LOADS, AND MISS DISTANCE. Appendix A, B - 
DETERMINAYION OF ANGULAR VELOCITY AND 
ANGULAR ACCELERATION. Appendix C - NU- 
MERICAL INTEGRATION METHOD FOR THE IN- 
TEGRAL F (%,,k),k2). Appendix D - ORDER OF 
MAGNITUDE OF FACTORS AFFECTING STABILI- 
TY. H. J. Allen. US, NACA TN 4048, Oct. ,1957. 
66 pp. 10 refs. Analysis of the oscillating motion 
of a ballistic missile and discussion of the history 
of motion for some example missiles. The miss 
distance at the target due to misalignment and to 
small accidental trim angles is treated. The sta- 
bility problem is also discussed for the case where 
the missile is tumbling prior to atmospheric entry. 


A COMPARATIVE ANALYSIS OF THE PER- 
FORMANCE OF LONG-RANGE HYPERVELOCITY 
VEHICLES. Appendix A, B - SIMPLIFYING AS- 
SUMPTIONS IN THE ANALYSIS OF THE GLIDE 
TRAJECTORY. Appendix C, D - COMPUTATION 
OF HEATING ASSOCIATED WITH ROCKET VEHI- 
CLES. Appendix E - DETERMINATION OF THE 
RATIO OF (L/D)max FOR A FLAT PLATE TO 
(L/D) max FOR A CONE. A. J. Eggers, Jr., H. 
J. Allen, and S. E. Neice. US, NACA TN 4046, 
Oct., 1957. 66 pp. 13 refs. Studies of long-range 
hypervelocity ballistic, glide, and skip missiles in 
terms of motion in powered flight, and motion and 
aerodynamic heating in unpowered flight. Results 
indicate the ballistic vehicle to be the least ef- 
ficient of the types tested; the glide vehicle to be 
far superior to the ballistic vehicle in ability to 
convert velocity into range; and the skip vehicle to 
be supperior to both. On the basis of equal ratios 
of mass at take-off to mass at the end of powered 
flight, the hypervelocity vehicle compares favora- 
bly with the supersonic airplane for ranges in the 
neighborhood of and greater than one half the cir- 
cumference of the earth. It is concluded that bal- 
listic and glide vehicles have, in addition to the 
advantages usually ascribed to great speed, the 
possibility of providing relatively efficient long- 
range flight. 


ON THE EQUATION OF ROCKET MOTION. G. 
Leitmann. Brit. Interpl. Soc. J., July-Sept., 1957, 
pp. 141-147. Derivation of the momentum of a time- 
variant mass, which in turn is used to derive the 
equations of motion. It is shown that the burn-out 
velocity of a rocket in field-free vacuum is depen- 
dent on the mass flow rate. The resultant expres - 
sions are contrasted with those arising from clas- 
sical derivation. 


ASPECTS OF HIGH ENERGY BALLISTICS. 
Louis Gold. Franklin Inst. J., Oct., 1957, pp. 
301-311. Development of the dynamics of motion ap- 
propriate in the supersonic velocity region where 
satellite orbits can exist or, possibly, escape from 
a gravitational field. A more realistic treatment 
of the falling body problem is offered which leads 
to vertical flight relations that clearly indicate 
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transition from bound to free states of motion. 

The results of celestial mechanics are adapted and 
extended toward a broader appreciation of high- 
energy ballistics. 


PHYSICS 


ON THE DISSOCIATION RATE OF A DIATOMIC 
GAS. Gianny Jarre. Torino Polytech. Inst. Appl. 
Mech. Lab. TN 2 (AFOSR TN 57-528) [AD 136513], 
July 25, 1957. 12 pp. 12 refs. Derivation of a 
formula of the reaction rate, for use in studies on 
hypersonic flow of diatomic gases. The formula 
is derived from the theory of absolute reaction 
rate, which postulates the existence of an inter- 
mediate state between the molecule and the two 
atoms, called the "activated complex". Its proper- 
ties determine the reaction rate. Indirect experi- 
mental information describes the ''activated com- 
plex'' of the reaction as an ensemble of two atoms 
already dissociated but in a state still possessing 
the entropy of the molecule. 


THE PLASMA JET AND ITS APPLICATION. G. 
M. Giannini. Giannini Res. Lab. Rep. (AFOSRTN 
57-520) [AD 136505], Aug 2, 1957. 30 pp. Discus- 
sion of the physical principles of a plasma jet, and 
the methods to create this phenomenon. With such 
a jet, temperatures of over 5,000° K. are possible. 
Applications are presented for the machining of a 
refractory metal or ceramics, and to the possibili- 
ty of fusing highly refractory materials. The study 
of magnetohydrodynamics and the natural fusion of 
the stars is also discussed. 


MEASUREMENT OF AIR DENSITY BY 
ELECTRON ABSORPTION. A. E. Griin. Max- 
Planck Inst. fiir Phys. Stratosphare, Hochspan- 
nungslab. Hechingen FTR (AFOSR TR 57-58) [AD 
136515], 1957. 9 pp. Application of measurements 
of the energy absorption of air in the radiation 
field of a specially constructed electron source to 
the measurement of the air density. The main 
features of the measuring arrangement are a 
specially constructed electron source and a light 
detecting system which receives the luminescence 
radiation of the air excited by the electrons. The 
range of densities that can be measured extends 
from normal density ¢,down to 10-2 §% and is 
determined by the range of acceleration voltages 
with which the electron source can be operated. 


POWER PLANTS 
Jet & Turbine 


GAS TURBINE COMBUSTION SYSTEM DESIGN. 
F. D. M. Williams. CAI-1IAS Joint Meeting, Mont- 
real, Oct. 21, 22, 1957, Preprint 754. 15 pp. 
Members, $0.50; nonmembers, $0.85. Discussion 
of the design rules and simple analytical approach 
employed in the process of evolving and evaluating 
a combustion system design for a specific project, 
such as an advanced type of jet engine. Design 
parameters are presented and application is made 
to an annular vaporizing combustion system. 
Flame intensities are determined in conjuction with 
a flow analysis, and are used to outline the flame 
tube geometry. Ignition system selection and de- 


velopment is discussed along with mechanical re- 
liability problems. 


RECENT ADVANCES IN THE AERODYNAMIC 
DESIGN OF AXIAL TURBOMACHINERY. W. H. 
Robbins and H. W. Plohr. CAI-IAS Joint Meeting, 
Montreal, Oct. 21, 22, 1957, Preprint 762. 28 pp. 
Members, $0.35; nonmembers, $0.75. Discus- 
sion of three primary objectives of compressor or 
turbine design: (1) high airflow per unit frontal 
area, (2) high pressure ratio per compressor stage 
and high work output per turbine stage, (3) high ef- 
ficiency. These goals can be achieved by proper 
selection of Mach Number and blade loading operat- 
ing levels. For the compressor the range of rotor 
tip Mach Numbers over which high efficiency can be 
maintained has been extended to values above one. 
This results in gains of weight flow per unit of 
frontal area and in pressure ratio per stage over 
those of conventional subsonic compressors. 


DUAL-OPERATION POWERPLANTS FOR VER- 
TICAL TAKE-OFF TRANSPORT AIRCRAFT: A 
PRELIMINARY ANALYSIS OF SEVERAL GAS- 
TURBINE CYCLES, Appendix - PERFORMANCE 
CURVES. E. P. Cockshutt. Canada, NAE LR 201, 
July 30, 1957, 19 pp. Presentation of calculations 
for (a) a hot single-stream cycle, which appears 
to offer the best over-all thermodynamic perfor- 
mance if no limit is placed on the interconnecting 
duct temperature; (b) a mixed-stream cycle, ap- 
parently offering better performance at lower duct 
temperatures (less than 500°C); (c) a dual-stream 
cycle, for achievement at very low duct tempera- 
tures (less than 200°C); and (d) tipjet drives, which 
may be used in place of conventional power turbines 
to drive the thrust augmentors, but are more suited 
for large rotors of low disc loading. 


Ram-Jet & Pulse-Jet 


APPLICAZIONE DELLA TEORIA DELLA 
CORRENTE UNIDIMENSIONALE ALLO STUDIO 
DEL MOTO NON STAZIONARIO DEL FLUIDO IN 
PULSOGETTI RUOTANTI. Dino Dini. L'Aero- 
tecnica, June, 1957, pp. 107-128. 12 refs. In 
Italian. Analysis of a particular rotating pulse-jet 
tube performing a controlled cycle in which the en - 
tering charge consists partially of a stoichiometric 
mixture and partially of fresh air. The pressure 
and velocity-wave diagram of the flow in the tube is 
investigated under different conditions. For the 
first approach to the problem, it is assumed that 
the fluid is homogeneous and at constant entropy 
level. For a better approach to the actual condi- 
tions, it is assumed that the fluid involved in com- 
bustion and the fluid taking part in the propulsive 
phenomenon have different entropy levels. Opera- 
tions of a rotating pulse-jet are deduced, taking into 
account the possible combustion behavior on the 
wave diagram; cycle frequencies are deduced in 
reasonable agreement with experimental measure- 
ments on conventional pulse-jets. 


Rocket 


A SANDWICH BURNER MODEL FOR THE COM- 
POSITE SOLID PROPELLANT. W. Nachbar and 
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J. M. Parks. Lockheed Aircraft LMSD-2191 
(AFOSR TN 57-418) [AD 132497], Sept. 25, 1957. 

39 pp. Consideration of an idealized solid propel- 
lant sandwich burner, composed of alternating flat 
slabs of fuel and oxidizer which are ignited edge- 
wise, for theoretical study of the functional rela- 
tionship of the regression rate, pressure, and sur- 
face temperature in the combustion of composite 
solid propellants. This relationship is also studied 
with respect to its dependence on geometry and on 
physical and chemical material properties. The 
work of Powell on the gaseous sandwich burner is 
reviewed in detail to clarify the assumptions and 
certain mathematical procedures used 


SPACE TRAVEL 


SKIN TEMPERATURES OF ASATELLITE. C. 
M. Schmidt and A. J. Hanawalt. Jet Propulsion, 
Oct., 1957, pp. 1,079-1,083. Analysis of temper- 
atures that exist ona particular satellite configura- 
tion and to study the various pertinent parameters 
in order to determine their relative importance. 
The skin temperatures are dependent on the proper- 
ties of the surface, particularly emissivity and ab- 
sorptivity, large values producing the widest range 
in surface temperatures. The nominal limits, on 
the skin temperatures for this analysis are -200° 
and +400°F. 


TRANSFER BETWEEN VEHICLES IN CIRCULAR 
ORBITS. B. H. Paiewonsky. USAF WADC TN 
57-267 [AD 130916], Aug., 1957. 9 pp. Develop- 
ment of a method for calculating the initial angular 
separation between two vehicles in circular orbits, 
required for the orbital transfer of a commuter 
rocket with a minimum expenditure of fuel. The 
time of flight in the orbit of transfer is used to com- 
pute the required vehicle relationships from their 
orbital angular velocities. The orbits of transfer 
between circular orbits are Hohmann orbits (cotan- 
gential ellipses), A method is also presented for 
determining the relative angular positions of the 
satellites from in-flight measurements for the case 
of unobscured line of sight between satellites, 


ORBITAL BEHAVIOR OF ERATH SATELLITES. 
II - ORBITS ABOUT AN OBLATE SPHEROID. R. 
E. Roberson. Franklin Inst. J., Oct., 1957, pp. 
269-285. Presentation of a method to (1) deduce 
the orbit geometry in the field of an oblate spheroid, 
as if no other external forces act; (2) calculate a 
rotating reference frame with respect to which the 
orbit is periodic; (3) relate the elements of the 
orbit to the kinematic and geometric initial condi- 
tions which exist when the orbit is established; and 
(4) develop the time behavior of the basic dependent 
variables which describe the orbit. The principal 
limitation of the analysis is its restriction to first 
order effects in the oblateness parameter. 


STRUCTURES 


THE USE OF SEMI-ORTHOGONAL FUNCTIONS 
IN THE RALEIGH-RITZ METHOD OF SOLVING 
PLANE STRESS PROBLEMS. F. E. Archer and 
E. M. Kitchen. Australian J. Appl. Sci., Sept., 
1957, pp. 169-179. Examination of orthogonal and 
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semi-orthogonal functions in order to reduce the 
necessary computations. Avoiding the use of simul- 
taneous equations, an example of plane stress is 
used to explain a method of determining the parame- 
ters. 


HANDBOOK OF STRUCTURAL STABILITY. 
IV - FAILURE OF PLATES AND COMPOSITE 
ELEMENTS. V - COMPRESSIVE STRENGTH OF 
FLAT STIFFENED PANELS. George Gerard. US, 
NACA TN 3784; TN 3785, Aug., 1957. 93; 89 pp. 
75 refs. Review of available theories on failure of 
flat panels, andoftest data on thecrippling strength 
of various formed and extruded shapes. From this 
a generalized method of crippling analysis is formu- 
lated, which is extended for short monolithic panels 
with formed or extruded stiffeners. The effects 
upon the crippling strength of alclad coatings and 
the increased properties in the corners of formed 
sections are investigated. It is found that the crip- 
pling of all sections is governed in a simple manner 
by the developed length-thickness ratio and by the 
number of corners of the section. Intermediate 
length and long stiffened panels are subject to othe: 
failure modes, and methods are given for estimat- 
ing the column strength of these panels. 


THE TORSION OF A HOLLOW SQUARE. 
Synge and W. F. Cahili. Quart. Appl. Math., Oct., 
1957, pp. 217-224. OSR-supported utilization of 
the Standards Eastern Automatic Computer to give 
an approximate solution to the torsion problem for 
a hollow square. The upper and lower bounds for 
torsional rigidity are accurately determined. 


THE SAFETY OF AIRCRAFT STRUCTURES. 
A. M. Freudenthal. USAF WADC TR 57-131 [AD 
130910], July, 1957. 37 pp. Analysis of the 
concept of structural safety of airframes on the 
basis of its relation to the probability of structural 
failure, with a view of establishing procedures of 
quantitative evaluation of safety factors for a pre- 
determined "acceptable" risk of failure. The dif- 
ference in the approach to the concept of safety for 
ultimate strength and for fatigue is discussed, with 
emphasis on the results of fatigue tests under 
random loading, and methods of safety analysis for 
both conditions are proposed. In this analysis the 
"limit load" or "limit load factor" is a basic con- 
cept. 


Beams & Columns 


THE EFFECTS OF INELASTIC ACTION ON 
THE RESISTANCE TO VARIOUS TYPES OF LOADS 
OF DUCTILE MEMBERS MADE FROM VARIOUS 
CLASSES OF METALS. III - THE PLASTIC BEND- 
ING OF TAPERED MEMBERS. Appendix - THE 
DEFORMATION OF PLANE SECTIONS IN A TA- 
PERED BEAM. M. C. Steele andH. A. Hassan. 
USAF WADC TR 56-330, Pt. III [AD 130865], June, 
1957. 32 pp. Exploratory investigation employing 
two analytical approaches. The first considers a 
rigorous treatment by the classical theories of 
elasticity and plasticity, while the second resorts 
to the more tractable mechanics of materials meth- 
ods. Test results indicate that (1) in the elastic 
range, deflections are adequately described by 
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elasticity theory; (2) fully plastic or limit loads 
have the same value for both theoretical ap- 
proaches; (3) deflections in the elastic-plastic 
member are not represented adequately by the 
mechanics of materials solution; and (4) test beams 
show the existence of a pronounced upper yield 
point phenomenon. 


Cylinders & Shells 


NONAXIALLY SYMMETRIC MOTIONS OF CY- 
LINDRICAL SHELLS. I. Mirsky andG. Herrmann. 
ASA J., Oct., 1957, pp. 1,116-1,123. OSR-sup- 
ported application of Timoshenko-type theory of 
cylindrical shells, developed previously by the 
authors for the case of axial symmetry, to include 
nonaxially symmetric motions. The propagation 
of free harmonic waves in the axial direction of a 
shell of infinite extent is studied and discussed in 
terms of previous work. The stress equations of 
motion of the shell are derived by direct applica- 
tion of Hamilton's principle, rather than by operat- 
ing on the three-dimensional equations of motion. 
Numerical calculations are performed for the full 
range of wavelengths, for three values of thickness 
to mean radius ratios, and for values of circum- 
ferential waves ranging from zero to six. 


EDGE STRESSES IN THIN SHELLS OF REVOLU- 
TION. W.H. Wittrick. Australia, ARL Rep.SM. 
253, June, 1957. 34 pp. Analysis by which ex- 
plicit solutions are obtained for stress system 
which decay rapidly with the distance from either a 
circular or a meridional edge of a thin shell whose 
shape is a surface revolution, but otherwise arbi- 
trary. The accuracy of the solutions is consistent 
with that of the generally accepted equations ofthin 
shell theory. The significance of these solutions 
from the point of view of the boundary conditions 
of membrane theory is discussed. 


Elasticity & Plasticity 


REFLECTION PRINCIPLES FOR SOLUTIONS 
OF EQUATIONS IN ELASTICITY. J. H. Bramble. 
U. Md. Inst. Fluid Dynamics & Appl. Math. TN 
BN-106 (AFOSR TN 57-499) [AD 136489], Aug. 1957. 
59 pp. 34 refs. Presentation of certain reflection 
principles (analogous to the classical Schwarz re- 
flection for harmonic functions) for biharmonic 
functions which arise as solutions of equations in 
elasticity. Formulas analogous to those given by 
Duffin for the plane boundary are proven for the 
circular boundary in the biharmonic case. In addi- 
tion, the "sliding clamped" condition is also con- 
sidered. Continuations for the solutions of equa- 
tions of elasticity are given in the case where the 
displacements vanish on a circular arc or spheri- 
cal surface in two or three dimensions, respective- 
ly. Also,in case the normal stresses vanish on a 
circular arc, a continuation formula for the 
stresses is obtained. 


PLASTIC YIELDING OF NOTCHED STRIPS 
UNDER CONDITIONS OF PLANE STRESS. Hugh 
Ford and George Lianis. ZAMP, Sept. 25, 1957, 
pp. 360-382. Analysis of single notched strips 
subjected to bending in the plane of the sheet. 


Upper bounds are found for a single V- and circu- 
larly notched strips in bending,and the general 
lower bound solution is applied to both of thes 
cases. 


DETERMINATION CF BUCKLING CRITERIA 

BY MINIMIZATION OF TOTAL ENERGY. Samuel 
Lubkin. NYU Inst. Math. Sci. IMM-NYU 241 
(AFOSR TN 57-579) [AD 136567], July, 1957. 60pp. 


Derivation of formulas for strain energy in terms 
of principal strains, and development of exact 
buckling criteria from the effect of small perturba- 
tions (resulting from displacements in an unbuckled 
state) upon the total energy. When this method is 
then applied to three problems, results for thin 
sections agree, in all cases, with those derived by 
other means. It is then shown that with the given 
assumption, a buckling or critical load always 
exists, no matter what the geometric proportions. 
It is further shown that a finite pressure may ex- 
pand the cylinder or sphere to infinity. 


Plates 


SMALL DEFLECTION THEORY OF FLAT 
PLATES USING COMPLEX VARIABLES. I - FUN- 
DAMENTAL EQUATIONS IN COMPLEX FORM. P. 
D. Jones. Australia, ARL Rep. SM. 252, June, 
1957. 22 pp. 23 refs. Application of Muskhelishvi- 
li's complex variables method to solutions for thin 
elastic plates. The boundary equations are set up 
in such a way as to lead to certain basic types of 
problems. Plates whose shapes are such that they 
can be mapped onto the unit circle by polynomial 
transformation functions are discussed, and the 
loading cases considered consist of continuously 
differentiable pressure distributions, point loads, 
line loads, and regional loads. 


REINFORCED ELLIPTICAL HOLES IN 
STRESSED PLATES. Raymond Hicks. RAeS J., 
Oct., 1957, pp. 688-693. Consideration of stress 
systems in which the ratio of the principal stresses 
is not greater than two to one. It is shown that 
when the ratio of the major and minor axes of the 
ellipse can be chosen arbitrarily, practical rein- 
forcements can be designed to give a maximum 
stress around the hole which is only slightly greater 
than the maximum stress in a similarly loaded plate 
with no hole. General expressions are obtainedfor 
the stress distribution in the plate around the hole, 
for the stress acting on a normal cross section of 
the reinforcement, and for the cross-sectional area 
of a reinforcement which gives a small stress con- 
centration. 


Thermal Stress 


SOME EFFECTS OF KINETIC HEATING ON THE 
STIFFNESS OF THIN WINGS. S. L. Kochanski and 
J. H. Argyris. Aircraft Eng., Oct., 1957, pp. 310- 
318. 13 refs. Analysis (based on the small deflec- 
tion theory) showing that the thermal stresses de- 
veloped in accelerated flight lead also to a loss of 
flexural stiffness of equally serious magnitude. 
Included is an account of the loss of torsional stiff- 
ness, as well as a re-examination of the problem 
from the point of view of the large deflection theo- 


(189) 


| 
r 
— 


108 AERONAUTICAL ENGINEERING REVIEW - 


ry. Possible methods of alleviating the effects of 
kinetic heating are also briefly discussed. 


SOLUTIONS OF SOME PROBLEMS IN STEADY 
CREEP. B. Venkatraman. Polytech. Inst. Bklyn., 
Dept. Aero. Eng. & Appl. Mech., PIBAL Rep. 402 
(AFOSR TN 57-388) [AD 132463], July, 1957. 120 
pp. 4l refs. Analysis in which the deformations 
are caused exclusively by steady creep. The par- 
ticular problems considered are trusses, beams 
and frames, a thick-walled tube subject to uniform 
internal pressure, pure torsion of prismatic and 
cylindrical bars, and circular plates under normal 
pressure. Some of the problems are analyzed with 
the elastic analog as basis, while others are based 
on a creep flow law formulated in terms similar to 
those of plastic flow. In all cases, exact and/or 
approximate solutions are presented for stresses 
and deformations. 


Weight Control & Analysis 


BOUNDS ON MINIMUM WEIGHT DESIGN. D.C. 
Drucker and R. T. Shield. Quart. Appl. Math., 
Oct., 1957, pp. 269-281. 12 refs. ONR-supported 
extension of a previously developed design proce- 
dure for elastic-perfectly plastic structures to 
provide upper and lower bounds on the minimum 
weight of three dimensional structures. The pro- 
cedure is further specialized to one- andtwo-dimen- 
sional structures in which either direct or bending 
stresses are negligible. The generalization also 
includes the influence of body forces. In principle, 
therefore, such troublesome factors as the weight 
of the structure itself or centrifugal "forces'' may 
be designed for in a direct manner. Radially sym- 
metric plane stress and plate bending examples 
are solved to demonstrate direct design procedures 


WEIGHT-STRENGTH STUDIES OF STRUC- 
TURES REPRESENTATIVE OF FUSELAGE CON- 
STRUCTION. J. P. Peterson. US, NACA TN 
4114, Oct., 1957. 47 pp. 33 refs. Comparison of 
the ring-stiffened shell, the longitudinally stiffened 
shell, and shells constructed of waffle-like or 
sandwich-type plates in order to evaluate the effect 
of type of stiffening on bending strength. Shells of 
various materials are compared in order to evalu- 
ate the effect of material properties. The sand- 
wich-type stiffening is found to be the most ef- 
fective in terms of weight and strength. The ratio 
of compressive-yield stress to density of material 
is found to be the most important material para- 
meter for sandwich-type shells. The density of 
the material is also important, especially in waffle- 
like or longitudinally stiffened shells. Further 
studies indicate that the bending strength of cylin- 
ders is significantly lowered by the presence of 
shear loads. 


THERMODYNAMICS 


METOD PROVERKI URAVNENIIA SOSTOIANIIA 
GAZOV PRI VYSOKOI TEMPERATURE. S. S. 
Semenov. AN SSSR Dokl,, June 1, 1957, pp. 841- 
843, 13 refs. In Russian, Development of a meth- 
od for checking the equation of state for gases at 
high temperatures ina shock tube, taking into ac- 
count previous methods and results, 
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CONTRIBUTION A LA MESURE DES CHALEURS 
SPECIFIQUES DES GAZ ET DES VAPEURS. M. 
Huetz-Aubert. France, Min. de l'Air NT 68, 1957. 
182 pp. 78 refs. SDIT, 2 Av. Porte-d'Issy, Paris 
15, Frs. 2,200. In French. Development of a 
method for determining thermodynamically the ra- 
tio of specific heats, based on the determination of 
coefficients of isothermic and isentropic compres - 
sibility. A harmonic oscillator acts as a piston to 
compress the gas adiabatically. The pressure- 
volume effects modify the natural frequency of the 
oscillator and by analyzing this effect the coefficient 
of isentropic compressibility can be deduced. 


THE STATISTICAL THERMODYNAMICS OF 
MIXTURES OF LENNARD-JONES MOLECULES. 
I - RANDOM MIXTURES. II - DEVIATIONS FROM 
RANDOM MIXING. W. B. Brown. Royal Soc. 
(London) Philos. Trans., Ser. A, Oct. 17, 1957, 
pp. 175-246. 16 refs. Discussion of a development 
in the statistical theory of mixtures of spherical 
molecules. It is shown that for a mixture of mole- 
cules interacting according to the Lennard-Jones 
inverse-power potential, the assumption of random 
mixing is sufficient to relate the thermodynamic 
properties of the mixture exactly to those of a 
reference substance, after the manner of the law 
of corresponding states. 


Combustion 


STABILITY LIMITS AND BURNING VELOCI- 
TIES FOR SOME LAMINAR AND TURBULENT 
PROPANE AND HYDROGEN FLAMES AT RE - 
DUCED PRESSURE. Burton Fine. US, NACA TN 
4031, Aug., 1957. 49 pp. 25 refs. Investigation 
of the effect of reduced pressure on blowoff, flash- 


. back, and burning velocities of propane-oxygen- 


nitrogen burner flames. The pressure exponent of 
burning velocity is nearly the same as for hydrogen- 
air flames and stability loops show the same blow- 
off and flashback characteristics as were previ- 
ously observed for hydrogen-air flames. Of the 
two systems, the hydrogen-air system shows larger 
burning velocity, greater stability toward reduced 
pressure, and higher reaction order, as calculated 
from a simple thermal equation, while the propane- 
oxygen-nitrogen system shows the larger reactivity 
based on flashback. 


FREE OSCILLATIONS OF AGAS IN AN ELASTIC 
CYLINDRICAL SHELL. H. V. Hahne. Lockheed 
Aircraft TN 2, LMSD-2160 (AFOSR TN 57-348) 
[AD 132421], Aug. 30, 1957. 28 pp. Theoretical 
investigation of the acoustic oscillations for a com- 
pressible gas contained in an elastic cylindrical 
shell. The mass and the elastic properties of the 
shell, as well as the coupling between the gas and 
the shell, are taken into account. Consideration is 
first given to the general case. Then the frequency 
equation is derived and the two special cases of 
purely tangential and of purely longitudinal modes 
are analyzed. Numerical results for the tangential 
modes are obtained for an assumed configuration, 
and are compared to those for an elastic shell in 
vacuum and for a rigid shell of analogous dimen- 
sions. 
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STUDY OF SOME BURNER CROSS-SECTION 
CHANGES THAT INCREASE SPACE-HEATING 
RATES. Appendix A, B - DERIVATION OF THE 
PRESSURE-DROP PARAMETER A Pactual/APjp- 
Appendix C - ESTIMATION OF PARAMETERS 
CONTROLLING BURNER PERFORMANCE. D. R. 
Boldman and P. L. Blackshear, Jr. US, NACA 
TN 4162, Nov., 1957. 38 pp. Study of the effect 
of area blockage on heat release using a two-dimen- 
sional glass-walled combustor fed with a homoge- 
neous combustible mixture. The blockage of a 
single V-gutter flame holder is varied from 12.5% 
to 75% with negligible effect on combustion ef- 
ficiency. When a small flame holder is used and 
a 62.5% restriction introduced downstream, the 
heat-release rate undergoes a three- to fourfold 
increase. Some effects of downstream blockage 
shapes are also given. 


MESURE INSTANTANEE DES TEMPERATURES 
DE FLAMMES. A. Moutet. France, ONERA Pub. 
88, 1957. 66 pp. 33 refs. In French. Descrip- 
tion of basic methods for measuring flame tempera- 
tures by means of optical techniques, detailed study 
of a method of inversion of spectral bands, and dis- 
cussion of its validity and possible improvements. 


Heat Transfer 


{INVESTIGATION OF HEAT TRANSFER FROM 
A STATIONARY AND ROTATING CONICAL FORE- 
BODY. R. S. Ruggeriand J. P. Lewis. US, 
NACA TN 4093, Oct., 1957. 30 pp. 12 refs. Test 
results indicating that the Nusselt-Reynolds Num- 
ber relations provide good correlation of the heat- 
transfer data for the complete operating range at 
0° angle of attack with and without spinner, and for 
6° angle of attack with rotation. The experimental 
heat-transfer characteristics in the turbulent flow 
region were consistently in closer agreement with 
the results predicted for a two-dimensional body 
than with those predicted for a cone. The spinner- 
nose geometry appeared to cause early boundary- 
layer transition, Transition is initiated at a fairly 
constant Reynolds Number of 8.0 x 10", and ia 
completed at Reynolds Numbers less than 5,0 x 10 
for all conditions investigated. 


5 


Thermodynamic Properties 


THERMODYNAMIC PROPERTIES OF AIR: 
TABLES AND GRAPHS DERIVED FROM THE 
BEATTIE-BRIDGEMAN EQUATION OF STATE 
ASSUMING VARIABLE SPECIFIC HEATS. R. E. 
Randall. USAF AEDC TR 57-8 [AD 135331], Aug., 
1957. 82pp. Presentation of thermodynamic prop- 
erties and flow-process correction factors. The 
increase in the specific heats due to vibration of 
diatomic molecules is included by assuming the 
molecules to be perfect harmonic oscillators. The 
calculation procedures and the results of several 
calculations are included. These problems and 


M. Karavaev and G. P. Stel'makh. AN SSSR Otd. 
Tekh. Nauk Izv., Feb., 1957, pp. 36-42. In Rus- 
sian. Study of heat exchange between a real body 
and a flow of liquid and of the influence of internal 
thermal properties on the surface heat-exchange 
coefficient, as well as on the total heat-transfer 
coefficient. 


VTOL & STOL 


AREVIEW ANDSUMMARY OF THE AVAILABLE 
AERODYNAMIC DATA ON DEFLECTED SLIP- 
STREAM ARRANGEMENTS SUITABLE FOR VTOL 
APPLICATIONS. J. A. Dunsby. Canada, NAE 
LR 205, Sept., 1957. 22 pp. 24 refs. Survey in- 
dicating that at the present time the NACA sliding 
flap arrangement is the most suitable, keeping in 
mind the low pitching moment requirements. Theo- 
retical work is required to determine, if possible, 
the optimum airfoil shape and to provide an engi- 
neering method to estimate the characteristics 
os a deflected slipstream configuration. Further 
data are also required on the effect of chord/diame- 
ter ratio, particularly in the ground effect region. 


STABILITY AND CONTROL CHARACTERISTICS 
OF THE VERTICAL ATTITUDE VTOL AIRCRAFT. 
E. R. Hinz. CAI-IAS Joint Meeting, Montreal, Oct. 
21, 22, 1957, Preprint 763. 19 pp. ll refs. Mem- 
bers, $0.50; nonmembers, $0.85. Presentation of 
aerodynamic characteristics at angles of attack 
above stall, and a discussion of their influence on 
flight in the transition regime. Maneuvering con- 
trol criteria are analyzed to indicate requirements 
for the low speed regime, and it is shown how a 
reaction control system may be combined with 
aerodynamic control for low speed flight. Thrust 
control characteristics peculiar to hovering and 
transition flight are illustrated. Use of stability 
augmentation is discussed, and a comparison made 
with requirements of contemporary high perform- 
ance aircraft. 


PRELIMINARY WIND TUNNEL TESTS OF A 
LIF TING FAN IN A TWO-DIMENSIONAL AERO- 
FOIL. Appendix A - INCOMPLETE DATA FOR 
OUTLET VANE TESTS. Appendix B - NOTE ON 
PREDICTION OF FAN DRAG FROM SIMPLE 
MOMENTUM THEORY. R. L. Wardlaw and KR. J. 
Templin. Canada, NAE LR 207, Sept., 1957. 17 
pp. Investigation of lifting fans mounted in an air- 
craft wing with their axes noimal to the wing chord- 
plane. Results indicate that the highest lift incre- 
ments due to the fan occur at high speeds, and that 
there is a minimum increment at small forward 
speeds. The drag increment due to the fan in- 
creases rapidly with increasing speed. The pitch- 
ing moment increment has a maximum at low for- 
ward speeds, and the center of pressure of the fan 
lift shifts forward of the leading edge at these 
speeds. 


EFFECT OF GROUND PROXIMITY ON THE 


results are for isotropic expansions and flow through arRODYNAMIC CHARACTERISTICS OF A FOUR- 


normal shock waves. 


VLIIANIE VNUTRENNEGO TERMICHESKOGO 
SOPROTIVLENIIA TELA NA TEPLOOBMEN. N. 


ENGINE VERTICAL-TAKE-OFF-AND- LANDING 
TRANSPORT -AIRPLANE MODEL WITH TILTING 
WING AND PROPELLERS. W. A. Newsom, Jr. 
US, NACA TN 4124, Oct., 1957. 15 pp. Tests with 
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the wing at an angle of incidence of 90°, the posi- 
tion used for vertical take-off or landing. With the 
model at various heights above the ground, the lift, 
drag, and pitching moment are measured and tuft 
studies are made to determine the flow field caused 
by the propeller slipstream. Data are obtained for 
the complete model, for the model with horizontal 
tail removed, and for the wing-propeller combina- 
tion alone. Results of the investigation indicate 
that, when the model is hovering near the ground, 
there is a strong upwash in the plane of symmetry 
and also an increase in lift of about 10% of the pro- 
peller thrust. About one-half of this lift resulted 
from an increase in propeller thrust and one half 
resulted from an up load on the fuselage induced 
by the upwash. As the model approaches the 
ground, it also experiences an increasing nose- 
down pitching moment that evidently results from 
the up load on the fuselage, the rear part of which 
is longer than the front part. The addition of the 
horizontal tail which is located about halfway up 
the vertical tail does not increase the nose-down 
pitching moment because the fuselage decreases 
the energy of the upwash before it reaches the tail. 


WATER-BORNE AIRCRAFT 


EXPERIMENTAL AND THEORETICAL STUDIES 
OF HYDROFOIL CONFIGURATIONS IN REGULAR 
WAVES. Appendix A - WEINBLUM'S LINEARIZED 
EQUATIONS. Appendix B - CORRECTION FOR 
INERTIA OF TOWING ARM. Appendix C -SAMPLE 
CALCULATIONS OF HEAVE AND PITCH AMPLI- 
TUDE MAGNIFICATION AND HEAVE AND PITCH 
PHASE LAG FROM EXPERIMENTAL RECORDS. 
Patrick Leehey and J. M. Steele, Jr. US, Navy 
Dept., David Taylor Model Basin, Rep. 1140, Oct., 
1957. 37 pp. Comparison of the experimentally 
measured aud theoretically predicted values of the 
heave and pitch responses of area stabilized hydro- 
foil configurations to regular waves and to tran- 
sient pulses. Curves of heave and pitch amplitude 
magnification and phase lag are given as functions 
of wavelength. The approximate linearized theory 
is found to give a qualitatively correct prediction 
of resonance and orbital motion effects. The theo- 
retical amplitude magnifications are greater than 
the measured ones for most conditions, particular- 
ly for heave in following seas. 


WIND TUNNELS & RESEARCH FACILITIES 


THE AERODYNAMIC FORCES ON AN AERO- 
FOIL IN NON-UNIFORM UNSTEADY MOTION IN 
A-CLOSED TUNNEL. Appendix I - FORMS OF 
THE FUNCTION f(t). Appendix II - EVALUATION 
OF INTEGRALS INVOLVING ELLIPTIC AND ZETA 
FUNCTIONS. Appendix III - AN EXPRESSION FOR 
THE PRESSURE DISTRIBUTION. Appendix IV - 
TRANSFORMATION OF THE FUNCTION T(A, r). 
S. Rosenblat. Royal Soc. (London) Philos. Trans., 
Ser. A, Oct. 17, 1957, pp. 247-278. 12 refs. Analy- 
sis of the constraint due to walls which cause aero- 
dynamic forces to assume values different from 
their free-stream values. Expressions are ob- 
tained for the pressure on the airfoil surface, and 
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the lift and momentum about the mid-chord point. 
By a conformal transformation involving Jacobian 
elliptic functions the physical plane is mapped into 
a rectangle, and the theory is based on a solution 

of Laplace's equation satisfying certain given bound- 
ary conditions on this rectangle. The aerodynamic 
forces are expressed in terms of dimensionless 
"“air-load coefficients", which are then compared 
with corresponding coefficients for an airfoil in an 
infinitely deep stream. 


THEORETICAL ASPECTS OF THE CALIBRA- 
TION OF TRANSONIC TEST SECTIONS. S. B. 
Berndt. Sweden Flygtekniska Férséksanstalten, 
FFA Medd. 74 (Rep. 74), 1957. 28 pp. 14 refs. 
Application of the transonic similarity rule, together 
with the area rule,to calibration of the flow ina 
transonic test section. For longitudinal slots of 
constant width, it is shown that the proper slot 
setting will be the same for all models having simi- 
lar flow fields in the sense of the transonic similari- 
ty rule. In general the upstream Mach Number in 
the test section, corresponding to sonic free- 
stream velocity, will not be exactly unity but some- 
what smaller, the difference depending upon the 
size of the model. 


A NOTE ON COMBUSTION DRIVEN SHOCK 
TUBES. Appendix - METHODS OF CALCULA- 
TION OF DETAILS OF COMBUSTION PROCESSES. 
G. A. Bird. Gt. Brit., RAE TN Aero.25ll, May, 
1957. 18 pp. Application of the method of charac- 
teristics to a detailed study of the flow in a shock 
tube in which the high pressure gas is raised to a 
high temperature and pressure by combustion. A 
number of examples are considered in which the 
diaphragm is broken by the combustion process, 
which may be either a fast or slow combustion 
wave or a detonation wave. In all cases it is found 
that the resultant shock can have a higher speed 


than that produced by constant volume combustion fu 
but its velocity changes as it travels down the lif 
tube, and the flow between it and the contact sur- of 
face is not uniform, even with friction and conduc - 

tion effects neglected. It is concluded that, if it - 
is desired to use the flow behind the shock as a tk 
short duration wind tunnel, constant volume com- | 
bustion should be used. : 


INSTABILITY IN A SLOTTED WALL TUNNEL. 
J. L. King, P. Boyle, and J. B. Ogle. Gt. Brit., 
ARC CP 343, 1957. 24 pp. BIS, New York, $0.72. 
Description of investigations carried out in a 7-in. 
wind tunnel to examine in detail large pressure 
fluctuations observed in the working section of the 
A.R.L.'s new 30-in. water tunnel. Included are 
theoretical investigations which explain and describe | 
the phenomena and which show that a jet of fluid, 
circular in cross section and moving through the 
same fluid, is unstable. The slotted wall is unable 
to stabilize all frequencies of disturbance. The 
length of the working section determines the pre- 
ferred wavelengths of disturbance, which, in turn, 
feed energy back to the upstream end of the jet by 
compressing the fluid in the reservoir surrounding 
the working section. In the absence of a reservoir, 
the instability disappears. 
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Is YOUR JET ENGINE 


) MEASUREMENT 
ACCURATE AND SAFE? 


READS JET ENGINE SPEED to 
4 GUARANTEED ACCURACY of . 
10 RPM in 10,000 RPM (=+0.1%) 


The inter-relation of RPM to efficiency and thrust in jet engines is 
fundamental. Proper adjustments for maximum thrust, maximum engine 
life and maximum safety of operation can be made only upon accuracy 
of instrumentation. The TAKCAL tests to guarantee that accuracy. 

The new B & H TAKCAL incorporates a refinement of the frequency 
meter principle. It operates in the low (0 to 1000 cps) range, reading 
the frequency of the tachometer generator on a scale calibrated in 
percent RPM corresponding to the engine’s RPM. It reads engine speed 
while the engine is running with a guaranteed accuracy of +0.1% in 
the range of 0 to 110% RPM. Additionally, the TAKCAL circuit can be 


5. used to trouble-shoot and isolate errors in the aircraft tachometer 
. system, with the circuit and tachometer paralleled to obtain simultaneous CHECKS TACHOMETER 
reading. “SYSTEM” ACCURACY. 
The TAKCAL’s component parts are identical with those used in the ADAPTS TO ANY FREQUENCY PROBLEM! 
J-Model JeTcaL Analyzer. They are here assembled as a separate unit Explosion-proof TAKcAL 
be tester and for use with all earlier models of the JETCAL Tester. for special applications. 
The TAKCAL operates accurately in all ambient temperatures from Measures 200 to 7500 
—40°F. to 140°F. Low in cost for an instrument of such extreme peep par reading, with 
e accuracy, it is adaptable to application in many other fields. rises ig ioc 


For full information write or wire... 


B & H makes the JETCAL® Analyzer 


B & H INSTRUMENT Co., INC. and TEMPCAL® Tester 
3479 West Vickery Blvd. » Fort Worth 7, Texas 


Sales-Engineering Offices: 


VALLEY STREAM L. I: 108 So. Franklin, LO 1-9220 e DAYTON, OHIO: 209 Commercial Bldg., MI 4563 @ COMPTON, CAL.: 105 N. Bradfield St., NE 6-8970 
ENGLAND: Bryans Aeroquipment Ltd. (Licensee), 15, Willow Lane, Mitcham, Surrey 
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Boeing Designs 707 Structure for Long 
Fatigue Life. Irwin Stambler. Av. Age, 
Aug., 1957, pp. 26-33 ff. Discussion of 
fail-safe techniques applied to the new jet 
air liner. 

Special Issue: Britain’s Aircraft In- 
dustry. Flight, Aug. 30, 1957, pp. 293 
340. Survey of civil and military aircraft, 
engines, and missiles. 


Men, Materials, and Maintenance for 
the Nuclear-Powered Seaplane. A. D. 
Struble, Jr. (SAE Natl. Aero. Meeting, 
New York, Apr. 2-5, 1957, Preprint 
103.) SAE J., Sept., 1957, pp. 64-66. 
Abridged. Discussion of the advantages of 
a flying boat with nuclear propulsion, and 
possible tactical uses. The man-problems 
inherent in nuclear design are presented. 


The Reduction to Standard Conditions 
of Take-off Measurements on Turbo-Jet 
Aircraft. G. Jackson. Gt. Brit., ARC 
R&M 2890 (June, 1951), 1957. 20 pp. 
BIS, New York, $1.08. Development of a 
reduction method for routine use in which 
the take-off distance required for a turbo- 
jet aircraft to clear a 50-ft. screen under a 
specified set of standard conditions of air 
temperature and pressure, wind speed, 
aircraft weight, and engine speed can be 
deduced from the distance. 


Control Systems 


Automatic Control of Aircraft. Joseph 
Bicknell, E. Eugene Larrabee, Robert C 
Seamans, Jr., and H. Philip Whitaker 
France, ONERA, J.I.S.A., Paris, May 
27-29, 1957, Comptes Rendus, Pt. I, pp 
95-117. 238 refs. Discussion covering 
control-surface positioning, aircraft sta 
bilization, primary control of the aircraft, 
developmental methods for fabricating 
automatic control systems, and _ predic 
tions of future flight-control develop 
ments. 


Improvement of the Lateral Control 
System of the Q-2 Target Drone Providing 
Automatic Trim Correction. Joachim 
Gengelbach. USAF HADC TR 57-4 
{AD 113040], June, 1957. 8 pp. Series 
of simulated flights performed on the 
analog computer to determine whether 
additional integral control could be added 
to the Lear autopilot system without de 
creasing the drone’s stability. 


Ejection Seats 


Sled Testing the Emergency Escape 
System: The Human Factor. James F. 
Hegenwald, Jr., and Edward A. Murphy, 
Jr. Jet Propulsion, Sept., 1957, pp. 
1,025-1,028. Description of test vehicle, 
instrumentation, and results of experi 
ments made on Edward's high-speed 
track. 


The Development of RESCU Mark 1. 
Hugo F. Mohrlock, Jr. Jet Propulsion, 
Sept , 1957, pp. 1,028 1,033. Discussion 
of rocket ejection-seat catapult, designed 
to insure low level ejection and fin clear 
ance, and to prevent tumbling and wind 
blast effects. 


Vozdushnoe’ Katapul’tirovanie. N. 
Gladkov. Kryl’ia Rodiny, May, 1957, pp 
12, 13. In Russian. Discussion of the 
development of ejection seats and training 
procedures used in USSR. 


Airports 


Prestwick Airport: Scotland’s Gate- 
way to the New World. Esso Air World, 
May-June, 1957, pp. 142-146. Descrip- 
tion of airport facilities and operations. 

A New Approach to Airport Economics. 
A, Aviner. The Aeroplane, Aug. 23, 1957, 
pp. 244-247. Analysis of airport land 
fees and their computation methods, in 
which it is concluded that the present 
method, based on aircraft gross weight, is 
unrealistic and is a cause for financial 
losses in commercial airports. 

Airport Lighting and the Jet Age. W. 
A. Pennow Westinghouse Engr., Sept., 
1957, pp. 140-1438. Discussion of basic 
flight factors influencing lighting patterns 
and description of some recommended 
systems. 

Catching a Jet Transport. Charles J. 
Daniels. (SAE WNat!. Aero. Meeting, 
New York, Apr. 2-5, 1957, Preprint 
114.) SAE. J., Sept., 1957, pp. 36, 37 
Abridged. Examination of the jet-aircraft 
overshoot problem and presentation of six 
possible solutions 


Aviation Medicine 


Long-Range Studies of Naval Aviators. 
Ashton Graybiel. U.S., ONR Res. Rev., 
Aug., 1957, pp. 15-21. Discussion of the 
results of a study begun in 1940 on 1,056 
student aviators and instructors, and a re- 
study of the same group in 1951-1952. 
The purpose is to determine if there is a 
relationship between test-findings and the 
success of students in training. 

Specific Aeromedical Problems in High 
Performance Aircraft. R. A. Stubbs 
(CAI Annual Gen. Meeting, Ottawa, May 
28, 1957, Preprint 14.) Can. Aero. J 
Sept., 1957, pp. 216-219. Discussion of 
the effects on a human being of speed and 
altitude, and a combination of the two 
together. 

Attenuation of Ear Protectors by Loud- 
ness Balance and Threshold Methods. 
Joseph Hershkowitz and Leo M. Levine 
ASA J., Aug., 1957, pp. 889-894. 12 
refs. Measurement of the attenuation of 
two earmuffs and two earphone sockets 

A Practical External Cardiac Pace- 
maker-Defibrillator. Terence F. Me 
Guire, Stanley C. White, and Donald A. 


Rosenbaum USAF WADC TR 56-642 
[AD 110656], Dec., 1956. 23 pp. 70 
refs. Description of an instrument de 
signed to allow cardiac rescuscitation 
without the m ity of surgical inter 


vention, 
Einwirkung des Trudelvorganges auf 
den menschlichen K6érper. Karl Schindl 


ZFW, Aug., 1957, pp. 221-227. 13 refs 
In German. Discussion of the effects on 
the human body of radial and angular ac 


celerations generat 
plane 

The Labyrinthine Posture Reflex 
(Righting Reflex) in the Cat During 
Weightlessness. Siegfried J. Gerathe 
wohl and Herbert D. Stallings. (Aero 
Med. Assoc., 28th Annual Meeting, Denver 
May 8, 1957 ; lv. Med., Aug., 1957, 
pp. 345-355. l6refs. Experiments deal- 
ing with the otolith functions of the cat in 
order to shed light on 


lin the spin of an air 


the vestibular proc- 
esses during sub- and zero-gravity 
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Changes in Visual Performance After 
Visual Work. James Deese USAF 
WADC TR 57-285 [AD 118266], Apr. 
1957. 24 pp. 77 refs. Review of ex 
perimental and field studies on the effects 
of prolonged visual work, with such work 
divided into two different classes: vigilance 
tasks and active tasks. 

Episodes of Unconsciousness in Pilots 
During Flight in 1956. T. J. Powell, T, 
M. Carey, H. P. Brent, and W. J. R 
Taylor. (NATO AGARD Aeromedical 
Panel, 10th Meeting, Paris, Apr. 2, 1957.) 
J. Av. Med., Aug., 1957, pp. 374-386 

Effects of Respiratory Impedances on 
Pulmonary Ventilation, Pattern of Breath- 
ing, and Pulmonary Gas Exchange in 
Dogs. F. G. Hall and Fred Zechman, Jr 
USAF WADC TR 56-640 [AD 118297}, 
May, 1957. 12 pp. 

Psychosomatic Disorders in Pilot Train- 
ees; Report of Nine Cases. Philip B 
Phillips. (NATO AGARD Aeromedical 
Panel, 10th Meeting, Paris, Apr. 2, 1957.) 
J. Av. Med., Aug., 1957, pp. 364-369 

Adaptation of Practical Motor Tasks 
Entailing Repeated Performance and In- 
creasing Difficulty. Walter Jacobsen 
(Psych. Rundschau, No. 2, 1951, pp. 39 
42.) Gt. Brit., MOS TIL/T4576, July, 
1957. Sopp. 

A Proposal for an Officer Effectiveness 
Selection Battery Based on Measures Ob- 
tainable During Basic and Advanced 
AFROTC. Ernest C. Tupes USAF 
PTRC DRTN 57-87 [AD 134207], June, 
1957. Spp. 20 refs. 

A Replication Study of Work Group 
Structure and Task Performance. Thorn- 
ton B. Roby and John T. Lanzetta 
USAF PTRC TN 57-85 [AD 134205], 
June, 1957. 12 pp. 

Acoustic Noise and Repeated Time 
Judgments in a Visual Movement Pro- 
jection Task. Harry J. Jerison, Clarke W, 
Crannell, and Dorothy Pownall USAF 
WADC TR 57-54 [AD 118004], Mar., 
1957. 26 pp. 12 refs. 


Human Engineering 


The Use of Displays Showing Identity 
Versus No-Identity; A Study in Human 
Engineering Aspects of Radar Air Traffic 
Control. Lowell M. Schipper, Conrad L 
Kraft, Alfred F. Smode, and Paul M 
Fitts. USAF WADC TR 57-21 {AD 
110713], Feb., 1957. 22 pp. Evaluation 
of the performance of a one-controller 
system with an omnipresent clock-type 
identity code, which is contrasted with the 
absence of identity on the radar blips 

A Note on the Intermittency of a Hu- 
man Operator in a Control System. John 
R. Ward. Australia, ARL Note HE.?, 
June, 1957. 13 pp. 

Experiments on Vigilance One-Clock 
and Three-Clock Monitoring. II. Harry 
J. Jerison and Ronald A. Wallis. USAF 
WADC TR 57-206 [AD 118171], Apr., 
1957. 34 pp. 10 refs. Presentation of 
results of experiments on prolonged moni 
toring of Mackworth-type clocks, and dis 
cussion in terms of the present state of 
knowledge about the human operator as a 
monitor and in terms of recommendations 
made in the past concerning limitations of 
length of watches for monitors in order to 
maintain their efficiency 
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Reaction of Six Radar Air Traffic Con- 
trollers to Conference Control of Targets 
Simulated on a 19-Inch Horizontal Dis- 
play. Appendix—-Opinion Survey of Con- 
trollers Regarding Operation of Horizontal 


Plotter. James C. McGuire and Conrad 
L. Kraft. USAF WADC TN 56-542 


{AD 110692], Dec., 1956. 7 pp 

Measurement and Control in the Human 
Operator. W. K. Taylor. Soc. Instr. 
Tech. Trans., Sept., 1957, pp. 104-111. 
Discussion of an attempt to formulate a 
theory that will enable predictions to be 
made about the functional properties of 
the movement-control networks of the 
nervous system. 

Layout of Workplaces; Chapter V of the 
Joint Services Human Engineering Guide 
to Equipment Design. Jerome H. Ely, 
Robert M. Thomson, and Jesse Orlansky. 
USAF WADC TR 56-171 [AD 110507}, 
Sept., 1957. 104 pp. 67 refs. Compila- 
tion of human engineering recommenda- 
tions concerning various aspects of work- 
place layout. 

Psychological Aspects of Cockpit De- 
sign A Symposium Report. USAF 
WADC TR 57-117 [AD 118079], Apr., 
1957. 137 pp. 25 refs. Presentation 
of seven papers and the transcript of three 
panel discussions from a WADC sympo- 
sium held on October 24, 1956. 


Computers 


Computer for the Aircraft Industry. 
Saro Prog., Fall, 1957, pp. 10, 11. De- 
scription of an analog computer, designed 
for the de Havilland Aircraft Company, 
that consists of two four-bay units which 
can be operated as two completely sepa- 
rate computers or can be coupled together 
with an interconnecting cable and oper 
ated as one large computer. 

System Design of the Sperry Digital 
Computer Facility. Herbert Freeman. 
Sperry Eng. Rev., July-Aug., 1957, pp. 13 
19. Discussion of computer designed to 
perform routine engineering calculations 
in a large engineering organization. The 
general system design, operation, and 
function are explained. 

The Relation of the Size of the Question 
to the Work Accomplished by a Storage 
and Retrieval System. Mortimer Taube 
and L. B. Heilprin. Documentation Inc. 
Paper (AFOSR TN 57-483) [AD 136476}, 
Aug., 1957. 18 pp. Discussion on the 
definition of the concept of work accom- 
plished by a search of a storage and retrie- 
valsystem. The relation of this,definition 
to the design of storage and retrieval de- 
vices is discussed with special reference to 
two specific deviees.or systems, the Rapid 
Selector and the Minicard Svstem 

Elektronnye Tsifrovye Mashiny v Avia- 
tsii. V. Plisko'and A: Kachko. Kryl’ia 
Rodiny, Mar., 1957, pp. 21-28. In Rus- 
sian. Design, operation, and aeronautical 
application of electronic computers. 

The Design of the Ferranti Pegasus 
Computer. II. G. Emery. Electronic 
Eng., Sept., 1957, pp. 420-425. 

Mathematical Model of Indexing. L. 
B. Heilprin. Documentation Inc.( AFOSR 
TN 57-484) [AD 136477], Aug., 1957. 28 
pp. Derivation of an indexing equation 
from Jonker’s theory that all indexing 
systems can be located on a ‘‘descriptive 
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continuum,’ the parameter for which is 
average length of the indexing terms 

Application of a Two-Dimensional Po- 
tential Analog to the Solution of Root- 
Locus Problems. LD. R. Ziemer. Texas 
U., Bur. Eng. Res., Henry Beckman Con 
serv. Bul. 1, July 1, 1957, pp. 1-22. 12 
refs. Method for the design and synthesis 
of automatic-control systems. 

A Preliminary Report on the Design of a 


Computer for Micrometeorology. M. H. 
Halstead, Robert L. Richman, Winton 
Covey, and Jerry D. Merryman cf 


Meteorology, Aug., 1957, pp. 308-325. 
16 refs. USAF-supported study of the 
interrelationships between micrometeoro- 
logical parameters and their determining 
factors, and the macrometeorological pa- 
rameters and characteristics of the underly- 
ing surfaces. An attempt at a solution 
for the simple case of a large panel is pre- 
sented, to provide in detail the physical 
relationships, empirically determined con- 
stants, and the physical mechanism em- 
ployed 

A Truth-Table Evaluation of the Logic 
of Nerve Nets. Mortimer Taube. Doac- 
umentation Ine AFOSR TN 57-482) 
[AD 136475], July, 1957. 20 pp. Anal- 
ysis of the basic motion of logical rep 
resentation of a physical event in a com 
puter or of a biological event in a nerve 
net. 

Mathematical Foundations for a Storage 
and Retrieval Theory. Alexander krei- 
then. Documentation Inc. (AFOSR TN 
57-400) [AD 1324735], June, 1957. 15 pp. 

Photoformer Analysis and Design. 
Erik Elgeskog lcta Polytechnica, No. 8 
(172), 1956. 40 pp. 13 refs. Method 
for designing a photoformer with an ac- 
curacy of one to two per cent and a fre- 
quency range of several ke 
factor in the 
tube. 

Basic Cold Cathode Electronic Units for 
the Assembly of Special Purpose Decimal 
Computers. G. C. Rowley. Gt. Brit., 
RAE TN M.S.34, Apr., 1957. 26 pp. 
Description of some eleven small electronic 
computing units used in the design of a 
machine for measuring successive readings 
of a number of variables from a data- 
handling system 

Approximating Non-Linear Functions by 
Shunt Loading Tapped Potentiometers in 
Analogue Computing Machines. LD. W 
C. Shen. Electronic Eng., Sept., 1957, pp 
134-439 13 refs 


The limiting 
system is the cathode-ray 


Education & Training 


Simuladores de Vuelo. Rev. Nac 
Aero., May, 1957, pp. 50, 51. In Spanish 
Description of flight simulators and their 
applications 

Osobennosti Vozhdeniia Reaktivnogo 
Samoleta. N. Zotov. Kryl’ia Rodiny, 
May, 1957, pp. 9, 10. In Russian. Dis 
cussion of piloting techniques and proce- 
dures for training jet pilots. 

Language Aptitude Tests as Predictors 
of Success in a Six-Month Russian Course. 
Francis D. Harding, Jr., and James T. 
MeWilliams, Jt USAF PTRC TN 
57-86 |AD 134206], June, 1957. 6 pp. 

Synthetic Aids to Flying Training. W. 
Makinson and G. M. Hellings. RAeS J., 
Aug., 1957, pp. 509-528. Review of de- 
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velopments in handling of flight simula- 
tors, and outline of further refinements 
now being considered. 


Electronics 


On the Interaction Between Microwave 
Fields and Electrons, with Special Ref- 
erence to the Strophotron. Bertil Agdur, 
Ericsson Tech., No. 1, 1957, pp. 3-142. 
31 refs. Investigation of a system where 
the electrons oscillate in an electrostatic 
field and superimposed microwave field, 
both of which are nonlinear. The opera- 
ting characteristics of such a sysem are de- 
duced from the theory. The theoretical 
results are applied to the strophotron os- 
cillator. 

Retardation Effects Caused by Ferrite 
Sample Size on the Frequency Shift of a 
Resonant Cavity. J. E. Tompkins and 
E.G. Spencer. (Am. Phys. Soc. Bul., Ser. 
II, No. 1, 1956.) J. Appl. Phys., Sept., 
1957, pp. 969-974. 12 refs. Derivation, 
by means of perturbation theory, of ex- 
pressions for the frequency shift of a cir- 
cularly polarized, resonant microwave 
cavity upon insertion of a ferrite sample 
which is small compared with the wave- 
length. 

RC Transistor Network Design. I, II. 
Isaac M. Horowitz. Electronic Des., 
Aug. 1, 15, 1957, pp. 28-31; 28-31. Pres- 
entation of the theoretical background of 
the negative impedance converter method 
of design, and of the RL-RC synthesis 
method. Application is made to transis- 
tor-resistor-capacitor network design. 

Graphical Methods for Transforming 
Impedances Through Lossless Networks 
by the Cayley-Klein Diagram. FE. Folke 
Bolinder. Acta Polytechnica, No. 5 (202), 
1956. 13 pp. USAF-Army-Navy_  sup- 
ported extension of Van Slooten’s method 
for transforming reactances through loss- 
less networks by means of the Cayley- 
Klein diagram to transformations of arbi- 
trary impedances. The isometric-circle 
method is also studied. 

A Stabilized D.C. Power Supply Using 
Transistors. T. H. Brown and W. I 
Stephenson. Electronic Eng., Sept., 1957, 
pp. 425-428. Discussion of a theory lead 
ing to the design of a mains-operated 
stabilizing power supply providing a volt 
age which is continuously variable over a 
range of from zero to 30 volts at a current 
of one ampere. 

Miniaturized Pulse Connectors. J. H 
Gesell. USAF WADC TR 56-474 [AD 
118116|, Dec., 1956. 45 pp. Description 
of the development of a miniaturized, sili 
cone-rubber insulated, pulse connector 
Designs are given for three types of connec 
tors. 

Study of a Problem of Diffraction of 
Electromagnetic Surface Waves. Appli- 
cation to the Theory of the Dielectric Ae- 
rial. G. Weill. (Ann. Radioelec., No. 10, 
1955, pp. 227-255.) Gt. Brit., RAE Lib 
Transl. 649, Apr., 1957. 56 pp. 
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Amplifiers 


The Reaction Field and Its Use in Some 
Solid-State Amplifiers. P. W. Anderson 
J. Appl. Phys., Sept., 1957, pp. 1,049 
1,053. Discussion showing that the 
theory of the maser can be presented sim 


mula- 
nents 


Ref- 
gdur, 
>-142 
where 
static 
field, 
ypera- 
re de- 
‘etical 


Os- 


errite 
t of a 
and 
» Oer 
Se pt., 
ation, 
of ex- 
a cir- 
Wave 
ample 
wave- 


Des., 
Pres- 
ind of 
ethod 
thesis 
ansis- 
n 
rming 
works 
Folke 
(202), 
sup- 
iethod 
1 loss- 
avley 
f arbi- 
circle 


Using 
W. L 
, 1957, 
y lead 
erated 
i volt 
over a 


urrent 


J. H 
t [AD 
ription 
d, sili 
rector 


onnec 


ion of 
Appli- 
ric Ae- 
No. 10, 
E Lib 


> Tels 


1 Some 
lerson 
1,049 

it the 


sim 


JOHNS MANVILLE 


JM 


PRO 


AERONAUTICAL ENGINEERING REVIEW 


DECEMBER, 1957 115 


Integrally insulated shrouds have been designed to 
weigh less than 34 lb. per square foot of surface. 


The integrally insulated shroud... developed by 
Johns-Manville and proved on 5 supersonic aircraft 


Here ts an entirely new approach to problems en- 
countered in the control of high engine temperatures 
..an approach already tested and proved on the 
most advanced aircraft. It’s the integrally insulated 
shroud originated by Johns-Manville. This shroud is 
an actual aircraft part. It is supported by the engine 
or airframe. It minimizes the need for parts inven- 
tories. And it presents no removal problem for engine 
maintenance. 
Essential to the development of the J-M shroud 
was the perfection of new techniques in fabricating 


DUCTS 


unbelievably thin foils of stainless steel, titanium and 
other high heat-resistant alloys. These metals are 
combined with Thermoflex® refractory fiber felt in a 
sandwich construction. The result is a strong, light- 
weight unit with greater heat control and firewall pro- 
tection than any other insulating device. 

J-M insulation specialists will be happy to demon- 
strate for you the design advantages of integrally in- 
sulated shrouds. Just write Johns-Manville, Box 14, 
New York 16, N. Y. In Canada, 565 Lake Shore Road 
East, Port Credit, Ontario. 


Jouns-MANVILLE 


Bt 
| 
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ply in terms of the concept of radiation 
reaction field. Two amplifiers are con- 
sidered which use the radiation reaction 
field in different ways from the usual solid- 
state maser. 

Amplificadores de Valvulas para muy 
Bajas Frecuencias. W. Ruppel. Rev. 
Cienc. Apl., Nov.-Dec., 1956, pp. 481-492. 
15 refs. In Spanish. Classification of 
various direct-coupling amplifier circuits 
with presentation of their properties and 
possible applications. Includes analysis 
of two special cases. 

Servo Amplifiers at High Ambient Tem- 
peratures. P. M. Thompson and J. 
Mitchell. Electronic Des., Aug. 15, 1957, 
pp. 32-35. Design procedure for a three- 

push-pull germanium transistor 
amplifier which delivers 3 w to a 400 eps 
servomotor. 

Nekotorye Voprosy Teorii Magnitnykh 
Usilitelei i Magnitomoduliatsionnykh Zon- 
dov Tipa ‘‘Vtoroi Garmoniki.’”’ V. N. 
Mikhailovskii and Iu. I. Spektor. Avtom. 
1 Telemekh., Aug., 1957, pp. 716-723. In 
Russian, with summary in English. Dis- 
cussion of some problems of the theory of 
the second-harmonic magnetic amplifiers 
and magnetic-modulation sounds. 

Experiments with Electrostatically Fo- 
cused Velocity-Jump Amplifiers. Ap- 
pendix I —Details of Focusing Calculation. 
Appendix II—Details of Gain Calculation. 
William M. Mueller. USAF WADCTR 
56-620 [AD 118188|, Mar., 1957. 61 pp. 
44 refs. Investigation of two velocity- 
jump amplifiers consisting of helix input, 
the drift tubes, and a helix output 


stage, 


Antennas 


Supersensitive Giant Antennas Will 
Track Long Missiles. A. J. Garon, J. k. 
Van Hock, and C. H. New. Av. Age, Aug., 
1957, pp. 116-119 ff. Description of four 
high-gain automatic tracking antennas to 
provide continuous telemetry reception 
over the USAF’s 5,000-mile missile test 
range which extends from Cape Canaveral, 
Fla., to Ascension Island in the South 
Atlantic. 

Band Widening of Aerials by Means of 


Compensation Circuits. R. Goublin. 
(Cie. Francaise Thomson Houston Tech. 
Rev., No. 17, 1952.) Gt. Brit., RAE Lib 
Transl. 660, May, 1957. 17 pp. Study 


of problems imposed by the matching of 
the aerial to a circuit, the compensation of 
any aerial by circuits, and compensation 
of an aerial by resonant transmission lines. 


Circuits & Components 


Unilateral Attenuation in the Interdigital 
Circuit. Laird Kenneth Semmel Haas 
USAF WADC TR 57-239 |AD 130774), 
May, 1957. 65 pp. 29 refs. Experi- 
mental and theoretical investigation of 
unilateral attenuation in an interdigital 
type circuit as used in traveling-wave 
magnetrons. The attenuation is obtained 
by means of ferrite samples of various 
geometries placed inside the circuit. 

Transistor-Magnetic Amplifiers. Nicls 
Jasper, James C. Taylor, and William T 
White. Elec. Mfg., Sept., 1957, pp. 82-88, 
302. Applications and design methods for 
several combination transistor and mag- 
netic amplifier circuits. 

A Precision Electronic Switch for Fixed 


Coil Radar Displays. A. P. Young and 


ENGINEERING REVIEW 


D. H. Chandler Varconi Rev., 3rd 
Quarter, 1957, pp. 94-103, Description 
of the complete circuit and of its drift-cor- 
rection system 

What You Should Know for Reliable 
Missile Relay Circuit Design. D. D 
Zimmerman lv. Age, Sept., 1957, pp 
50-55 ff. Discussion pointing out ways to 
improve design analysis 

A Low Voltage Stabilizer Employing 
Junction Transistors and a Silicon Junc- 
tion Reference Diode. D. Aspinall. Fle¢ 
tronic Eng., Sept., 1957, pp. 450-454. 

O Nekotorykh Svoistvakh Tsepei, So- 
derzhashchikh Termosoprotivleniia. G. 
kK. Nechaev Avtom. i Telemekh., Aug., 
1957, pp. 740-748. In Russian, with sum 
mary in Englisl Discussion of some 
properties of circuits with thermoresist 
ances 


Communications 


Compatible SSB; Simple Design is its 
Big Advantage in HF Communications. 
Kenneth B. Booth lv. Age., Sept., 1957, 
pp. 116-121 ff. Discussion of a compati 
ble single-side-band (SSB) communica 
tion system. It is similar to the standard 
AM transmission except that the spectrum 
energy is concentrated on only one side of 
the carrier 

The Concept of the Equivalent Radius of 
the Earth in Tropospheric Propagation. 
G. Millington farconit Rev., 3rd Quar 
ter, 1957, pp. 79-93. Re-examination of 
the concept to take account of a linear 
variation of refractive index with height in 
tropospheric refraction. 

An Experimental Airborne Teleprinter 
Service for North Atlantic Airlines. A. 
Bickers. Marconi Rev., 3rd Quarter, 1957, 
pp. 104-112. 

The Role of Stratospheric Scattering in 
Radio Communication. H.G. Booker and 
W. E. Gordon. JRE Proc., Sept., 1957, 
pp. 1,223-1,227. Calculation for the 
effect of stratospheric, as distinct from 
tropospheric, scattering. At a range of 
1,000 km., the calculated transmission loss 
due to stratospheric 
decibels greater th 
servations. 


scattering is a few 
in is indicated by ob 


Construction Techniques 


Reliability Control of Electronic Equip- 
ment in Aircraft and Weapon Systems: 
General and Management Aspects. C. I. 
Soucy. Can. Ae J., Sept., 1957, pp. 
222-231. 21 refs. Discussion covering 
management’s role in, and the economics 
of, reliability c 


trol; complexity and 
time factors; reliabilitv evaluations and 
failure analyses; operating/maintenance 
environment and usage factor; destructive 
physical environments; 
ture design; relial 
prediction; the 


the need for ma- 
specification and 
ilitary vs. the air line 
approach to design; the procurement 
bottleneck; and management reliability 
program objectives 

Components for Printed Wiring. Wil 
liam W. Deckert. Elec. Mfg., Sept., 1957, 
pp. 92-95, 107. Discussion of the design 
of sockets and connectors for printed wir 
ing to facilitate mounting components on 
boards, and to prevent the formation of 
moisture traps 

Relays and Reliability; an Approach to 
Missile Application from Basic Philosophy 


to Production Testing. JA/issile Des. & 
Devel., Sept., 1957, pp. 12-14. 

Reliability-Design Technique for Com- 
plex Systems. H.E. Blanton. Electroni 
Des., Sept. 1, 1957, pp. 20-28. Method 
for predicting the reliability of an elec- 
tronic system while it is in the design 
stages and for finding those factors of 
the design which can be changed to obtain 
the best reliability and economy. 

Reusable Seals for Electronic Equip- 
ment. William Brown and A. Razdow 
USAF WADC TR 56-616 [AD 130772], 
May, 1957. 86 pp. Evaluation of the 
most effective type of reusable seals for 
hermetically sealed electronic assemblies 

Rigid Mounts Found Best for Missile 
Electronic Packages. P. B. Korda and J, 
Vasilik. Av. Age, Sept., 1957, pp. 122 
127 ff 

The Statistical Approach; Key to Com- 
ponent Reliability. Karl F. Me Cready. 
Western Av., Sept., 1957, pp. 8, 9, 12. 
Method whereby, by plotting upper and 
lower confidence limits, and computing 
regression values in between, tolerances 
can be determined which will meet most 
operating requirements without extensive 
testing 

Components- Key to Reliability. Rob- 
ert Lusser. Jil. Electronics, Sept., 1957, 
pp. 38-40, 42. Discussion of quality 
control for components and of the various 
requirements to be considered in their de- 
sign to insure maximum reliability in the 
apparatus of which they will be a part. 

Vibration and Shock Evaluation of Air- 
borne Electronic Component Parts and 
Equipments. Robert H. Jacobson. USAF 
WADC TR 56-301, Dec., 1956. 195 pp 
Investigation of vibration, shock, and 
acoustic excitation in relays, tubes, poten- 
tiometers, transformers, capacitors, and 
pressure switches. 


Cooling 


Design Methods of Cooling Electronic 
Equipment. Alfred S. Gutman. Mach 
Des., Sept. 19, 1957, pp. 141-146. Dis 
cussion of three different modes of heat 
dissipation and their application to design 
data. These three methods include nat 
ural convection, direct forced cooling, and 
indirect forced cooling. 

Quantitative Criteria for Thermal 
Evaluation of Electronic Equipment. T. 
C. Reeves. Elec. Mfg., Sept., 1957, pp 
108-112. Presentation of methods to 
evaluate thermal performance along with 
reliability criteria for circuit components. 

A Miniature, High Altitude, Constant 
Cooling Capacity Blower for Electronic 
Equipment. Leslie Cromwell USAF 
WADC TR 56-498 [AD 118291], Apr., 
1957. 44 pp. Design study which con 
cludes that a 400-cvele motor-driven fan, 
controlled by a temperature-sensing ther 
mistor in a bridge circuit, is an effective 
means of maintaining constant ambient 
temperature in a chamber containing elec 
tronic equipment. 


Electronic Tubes 


The Modulation of Travelling-Wave 
Tubes. G. F. Steele. Electronic En 
Sept., 1957, pp. 429-433. Discussion of a 
simple theory of traveling-wave tube 
modulation, and derivation of some ex 
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ENGINEERING REVIEW: 


Type 631-BL 
STROBOTAC* 


Range: 600-14,400 rpm direct reading, 
useful from 60-100,000 rpm. 


Accuracy: +1% of dial reading 
over most of the range. 


Flash Duration: 10-40xusec. 


Power: Operates from normal 115v, 
60-cycle lines. 


Portability: 754 x 9 x 10 inches, 
9% Ibs. 


$160. 


Photo Courtesy Towmotor Corporation 


STROBOTAC 


Manufactured Exclusively by 
GENERAL RADIO Company 275 Massachusetts Ave., Cambridge 39, Mass. 


Broad Avenue at Linden, Ridgefield, N.J. NEW YORK AREA 

8055 13th St. Silver Spring, Md. WASHINGTON, D. C. 1150 York Road, Abington, Pa. PHILADELPHIA 

1182 Los Altos Ave., Los Altos, Calif. SAN FRANCISCO 6605 W. North Ave., Oak Park, Ill. CHICAGO 
In CANADA: 99 Floral Parkway, TORONTO 15 
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Disc attached to 
Drive Shaft 


4 
m 


Low Inertia Disc ij 
Attached to Cylindrical Sleeve 
Load 


Driver 


Horsepower =T X 


How to make reliable horsepower aneuente without resorting to expensive 
equipment? This is a problem that confronts many engineers. The Towmotor 
Corporation of Cleveland utilizes a fundamental physical principle and the G-R 
Strobotac to perform this work. 

Measurement of engine horsepower is accomplished with a hydraulic power- 
absorption stand and the G-R Strobotac. Fitted concentrically over a drive shaft is 
a cylindrical sleeve that has a low-inertia disc at one end and is attached to the drive 
shaft at the other end (see sketch). Parallel to the low-inertia disc and securely con- 
nected to the drive shaft is another disc. 

When the driver is operating, the drive shaft twists and there is a relative dis- 
placement between the two discs that is proportional to the TORQUE applied. 
However, since the whole assembly is whirling around, little can be seen. It is neces- 
sary to “‘stop’”’ the motion to determine the displacement — this is done accurately 
and conveniently with stroboscopic light, supplied by the Strobotac. This instrument 
simultaneously gives the SPEED of the rotating shaft on its calibrated dial. Since 
HORSEPOWER is proportional to the product of TORQUE and SPEED, the job 
is done. 

The G-R Strobotac is ideally suited for this type of work or, for that matter, for 
any measurement of speed of rotating, reciprocating, or other cyclic motion. The 
instrument is an ideal design, production, or maintenance tool. Its high-intensity, 
short-duration pulses of light ‘‘freeze’’ rapidly moving parts or processes, making 
possible detailed examination of the action while at full speed. There is no physical 
connection between Strobotac and the device under test —- no drag whatever to 
affect the operation under investigation. 


All G-R Products 
are now covered bya 


Year Warranty 


1000 N. Seward St. LOS ANGELES 38 
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An Invitation To Join 
ORO...Pioneer In 
Operations Research 


Operations Research is a young science, earning recog- 
nition rapidly as a significant aid to decision-making. It 
employs the services of mathematicians, physicists, 
economists, engineers, political scientists, psycholo- 
gists, and others working on teams to synthesize all 
phases of a problem. 


At ORO, a civilian and non-governmental organiza- 
tion, you will become one of a team assigned to vital 
military problems in the area of tactics, strategy, 
logistics, weapons systems analysis and communications. 


No other Operations Research organization has the 
broad experience of ORO. Founded in 1948 by Dr. 
Ellis A. Johnson, pioneer of U. S. Opsearch, ORO’s 
research findings have influenced decision-making on 
the highest military levels. 


ORO’s professional atmosphere encourages those 
with initiative and imagination to broaden their scientific 
capabilities. For example, staff members are taught to 
“program” their own material for the Univac computer 
so that they can use its services at any time they so 
desire. 


ORO starting salaries are competitive with those of 
industry and other private research organizations. Pro- 
motions are based solely on merit. The “fringe” benefits 
offered are ahead of those given by many companies. 


The cultural and historical features which attract 
visitors to Washington, D. C. are but a short drive from 
the pleasant Chevy Chase suburb in which ORO is 
located. Attractive homes and apartments are within 
walking distance and readily available in all price 
ranges. Schools are excellent. 


For further information write: 
Professional Appointments 


OPERATIONS RESEARCH OFFICE 


loro| The Johns Hopkins University 


7100 CONNECTICUT AVENUE 
CHEVY CHASE 15. MARYLAND 


DECEMBER, 


pressions for the cases of phase and am 
plitude modulation. 

Description and Operating Characteris- 
tics of the Platinotron-A New Microwave 
Tube Device. William C. Brown. /RE 
Proc., Sept., 1957, pp. 1,209-1,222. Dis 
cussion of a class of tube which comprises a 
circular but nonre-entrant dispersive net 
work matched at both ends over the fre 
quency region of interest, and a re-entrant 
electron beam originating from a contin- 
uously coated cathode coaxial to the net 
work. 

Alkali Vapour and Plasmatron Valves as 
Power Rectifiers. A. H. Mitchell. 
Brit., RAE TN EI.139, Mar., 1957. 22 
pp. 10 refs. Discussion of the problems 
of basing a power rectifier on the alkali 
metal vapor discharge and the ‘“‘plasma- 
tron” principle. It is shown that the 
plasmatron power rectifier is not likely to 
be practicable. 

Automatic Frequency Control for a 
Pulsed Klystron. Paul D. Ulm. Elec 
Commun., June, 1957, pp. 136-140. De- 
scription of a systém which achieves fre- 
quency control by comparing the fre- 
quency of the pulsed klystron to that of a 
stable microwave reference cavity 


Noise & Interference 


Tachometer Noise Reduction; Use of 
Auxiliary Accelerometer. John C. West 
Electronic & Radio Engr., Sept., 1957, pp 
342-344. Description of the d.c. tach- 
ometer generator, developed to measure 
the angular rotation of a shaft It con- 
sists of a separately excited d.c. machine 
on no load with the field being held con- 
stant, and the armature coupled to the 
shaft whose speed is to be measured 

Low-Noise Stabilized D. C. Supplies. 
D. W. W. Rogers. — Electronic & Radio 
Engr., Sept., 1957, pp. 320-326. 13 refs. 
Description of the special precautions and 
wiring necessary to eliminate the various 
forms of hum injection into power-unit 
feedback amplifiers, and explanation of a 
representative type having very low hum 
and drift. A novel three-valve stabilized 
supply is also described. 


Oscillators & Signal Generators 


Synchronization of Oscillators by Peri- 
odically Interrupted Waves. Donald W. 
Fraser. JRE Proc., Sept., 1957, pp. 1,256 
1,268. 10 refs. Discussion of principles, 
methods, circuit applications, the 
theoretical basis of the synchronization of 
LC oscillators by interrupted wave trains 

Design Guide for the Retarding-Field 
Oscillator. E. Milton Boone. USAF 
WADC TR 56-562[AD 130771], Mar., 
1957. 178 pp. 

How to Use the Resonance of Electronic 
Spins to Obtain a Hyperfrequency Oscilla- 
tor or Amplifier. (Acad. Sci., Paris, C_R., 
No. 20, 1956, pp. 2,451-2,453.) Gt. Brit., 
MOS TIL/T4755, Apr., 1957. 2 pp 


Radar 


Radar Visual Interference Tests. Shel 
don Kustin. USAF RADC TN 57-251 
[AD 131173], Aug., 1957. 13 pp. Presen 
tation of various types of radar-to-radar 
interference, description of tests per 
formed, and some recommended solutions 
to the problem of visual interference 
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Propagacién de Ondas de Radar. Pedro 
Rodriguez Garcia-Prieto. Rev. Aero., 
July, 1957, pp. 531-540. In Spanish. 
Experimental investigation of radar waves, 
taking into account certain atmospheric 
conditions. 

Streamlined Lens-Radomes. Alan F. 
Kay. USAF WADC TR 56-527 [AD 
118131], Dec., 1956. 46 pp. Development 
of a design technique for variable refrac- 
tive index lens-radomes with streamlining 
which satisfies the requirements of perfect 
axial focusing and the Abbe sine condition. 
The resulting lens-radomes are analyzed 
for weight, dielectric losses, fabrication 
techniques, and methods of feeding. 

Theoretical Analysis of Flat Radome 
Panels Utilizing Circular and Elliptical 
Polarization. Robert E. Webster. USAF 
WADC TR 57-90 |AD 130773], May, 
1957. 9 pp. Presentation of factors con- 
tributing to polarization-dependent ra- 
dome errors, and a method to eliminate 
these factors. 


Semiconductors 


The Junction Transistor as a Network 
Element at Low Frequencies. I-——Charac- 
teristics and A Parameters. J. P. Beijers- 
bergen, M. Beun, and J. te Winkel. 
Philips Tech. Rev., July, 1957, pp. 15-27. 

On the Theory of the Thermal Capture 
of Electrons in Semi-Conductors. G. 
Rickayzen. Royal Soc. (London) Proc., 
Ser. A, Sept. 10, 1957, pp. 480-494. 18 
refs. Theoretical investigation of the influ- 
ence of the acoustic vibrations of the lat- 
tice on the capture of free carriers by im- 
purities. Consideration is given to those 
bound states whose energies are near the 
middle of the energy gap, and a formula is 
derived for the capture rate which is valid 
when £; (the ionization energy)/k is very 
much greater than the Debye temperature. 
The formula is applied to the model of an 
impurity in a continuum, 

Carrier Generation and Recombination 
in P-N Junctions and P-N Junction Char- 
acteristics. Appendix I—Variation of the 
Quasi-Fermi Levels in the Space Charge 
Layer. Appendix II—Avalanche Multi- 
plication of the Generated Carriers in the 
Space Charge Layer. Appendix III—Ac- 
tivation Energy of the Traps. Appendix 
I1V—-Currents Outside Space Charge 
Layer. Chih-Tang Sah, Robert N. Noyce, 
and William Shockley. JRE Proc., Sept., 
1957, pp. 1,228-1,243. 23 refs. Presenta- 
tion of a physical theory of p-n junctions 
taking into account the recombination and 
generation of the carriers in the space- 
charge region or the transition region. 

Aplicaciones de la Fisica de Sdlidos 
Semiconductores y Transistores. III 
Treansistores. Ramon de Lucas Ortueta. 
Revs. Cienc. Apl., Nov.-Dec., 1956, pp. 
193-501. 10 refs. In Spanish. Develop- 
ment of fundamental theories applied to 
the development of semiconductors with 
presentation of their characteristics and 
applications. 

Measurements of the Impedance Pa- 
rameters of Junction Transistors. FE. E. 
Ward. Brit. J. Appl. Phys., Aug., 1957, 
pp. 329-331. 


Telemetry 


Systems Test Engineering. Williain R. 
Eaton, Missile Des. & Devel., Sept., 
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1957, pp. 20-22. Discussion of a teleme- 
tering system known as the PAM-FM-FM 
system which is capable of monitoring a 
wide variety of data. Duties of the test 
engineer are also reviewed. 

The Reconstruction of Mutilated Eng- 
lish Texts. George A. Miller and Eliza- 
beth A. Friedman. Info. & Control, 
Sept., 1957, pp. 38-55. USAF-supported 
study, for variety of mutilations, of the 
ability of human operators to correct mu- 
tilations in printed English texts. 

Limiting Frequency-Modulation Spec- 
tra. Nelson M. Blachman. Info. & Con- 
trol, Sept., 1957, pp. 26-37. 12 refs. 
Army-sponsored study of the power spec- 
trum of a carrier, which is frequency 
modulated by stationary noise of any sort, 
in the limiting cases of large and small 
r.m.s. deviation. 

Certain Results in Coding Theory for 
Noisy Channels. Claude E. Shannon. 
Info. & Control, Sept., 1957, pp. 6-25. 
USAF-Army- Navy-supported develop- 
ment of a refinement of the argument 
based on “random’”’ coding, and applica- 
tion of this refinement to obtain an upper 
bound on the probability of error for an 
optical code in the memoryless finite dis- 
crete channel. An equation is obtained for 
the capacity of a finite state channel when 
the state can be calculated at both trans- 
mitting and receiving terminals. 

On the Uncertainty Relation for Real 
Signals. I. Kayand R. A. Silverman. Jnfo 
& Control, Sept., 1957, pp. 64-75. Investi- 
gation of the form assumed by the uncer- 
tainty relation when the signal involved is 
real and the uncertainty in frequency is de- 
fined as the variance of | F + (w)/?, where 
F + (w) is the positive frequency spectrum 
of the signal. 


Equipment 


Ejektorpumpen mit extrem hohem 
Durchsatzverhiltnis. J. Rotta. Forschung 
Gebiete Ing., Ausg. A, No. 4, 1957, pp. 
157-167. In German. Theoretical con- 
siderations in connection with systematic 
measurements of flow rate, momentum, 
and pressure, on ejector pumps at ex- 
tremely high flow-rate ratios such as are 
required in a breathing-protection appa- 
ratus. 


Electric 


Housings for Standard Airborne Electric 
Motors. Z. R. S. Ratajski. Gt. Brit., 
RAE TN El.135, Mar., 1957. 25 pp. 11 
refs. Discussion of the present position on 
the standardization of housings for small 
a.c. and d.c. motors. It is recommended 
that the clamp-mounted cylindrical hous- 
ing should be adopted as standard for the 
whole range of small airborne motors. 

The Improvement of the Voltage Wave- 
form of High Frequency Alternators. D. J. 
Miles. Gt. Brit., RAE TN El.136, Mar., 
1957. 27 pp. Analysis and discussion of 
four networks to modify the alternator 
voltage frequency and impedance fre- 
quency characteristics such that harmonics 
appearing in the alternator- open circuit 
and on-load voltage waveform are small. 

Energiéspeicherung im Flugzeug. Max 
Pohler. Luftfahrttechnik, July, 1957, pp. 


159-167. In German. Comprehensive 
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review of starter batteries and batteries for 
receiver-transmitter low tension supply. 
A New Approach to Anti-Collision 
Lighting. Lauchie Chisolm. Aircraft 
(Canada), Aug., 1957, pp. 25, 74. De- 
scription of four light units mounted on an 
aircraft, each unit consisting of three 
stroboscopic capacitor-discharge type 
lamps which flash at different intervals. 


Hydraulic & Pneumatic 


Overcoming Some of the New Problems 
in Hydraulic Control. George R. Keller. 
Auto. Control, July, 1957, pp. 388-41. Dis- 
cussion of problems resulting from exces- 
sive heat, radiation, shock, and vibration, 
and of the need for greater precision in 
servosystems. Possible remedial actions 
are suggested. 

Nekotorye Metody Stabilizatsii i Regu- 
lirovaniia Malykh Raskhodov Rabochei 
Zhidkosti v Sistemakh Gidroavtomatiki. 
I. N. Kichin. Avtom. i Telemekh., Aug., 
1957, pp. 702-715. In Russian, with sum- 
mary in English. Development of methods 
to stabilize and control small flows of 
operating liquid in hydraulic systems. 

Uluchshenie Staticheskoi Kharakteris- 
tiki Pnevmaticheskogo Rele Primeneniem 
Drosselei Postoiannogo Perepada. V. N. 
Dmitriev. Avtom. i Telemekh., Aug., 
1957, pp. 689-701. In Russian, with sum- 
mary in English. Discussion of possible 
ways of improving a static characteristic 
of a pneumatic relay by using a pneumatic 
device with constant pressure differentials. 


Flight Operating Problems 


To Go or Not to Go. Ted Durosko. 
Can. Flight, Aug., 1957, pp. 8, 9, 35. Dis- 
cussion of requirements for safe take-off in 
a light, twin-engine airplane. 

Supersonic Rain Erosion Testing of 
Missile Radomes. Kk. Barr and E. J. 
Steeger. Jet Propulsion, Sept., 1957, pp. 
1,034-1,037. 


Fuels & Lubricants 


Dimazine Comes of Age as Rocket 
Fuel. William G. Strunk. Missiles © 
Rockets, Sept., 1957, pp. 116-120. Dis- 
cussion of chemical properties, corrosive 
action on metals and elastomers, storage 
and handling problems, applications, and 
productién methods. 

Synthetic Ester Lubricants. R. S. 
Barnesiand M. Z. Fainman. Lubrication 
Eng., Aug., 1957, pp. 454-458. 20 refs. 
Discussion of lubricity and thermal sta- 
bility of esters synthesized from polyhy- 
dric alcohols. 

Frictional Heating and Its Influence on 
the Wear of Steel. N.C. Welsh. J. 
Appl. Phys., Sept., 1957, pp. 960-968. 24 
refs. Experiments on the mutual rubbing 
of soft, plain carbon steels. 

Research on the Flammability Charac- 
teristics of Aircraft Hydraulic Fluids. 
Michae! G. Zabetakis, Aldo L. Furno, and 
Joseph J. Miller, Jr. USAF WADC TR 
57-151 |AD 130764], May, 1957. 28 pp. 
Results of minimum spontaneous ignition 
temperature tests conducted on seven hy- 
draulic fluids while in contact with seven 
surfaces found in aircraft, under conditions 
likely to be found in practice. 
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Development and Evaluation of a 
Grease for —100°F. to +350°F. Ernest 
W. Nelson, Warren W. Woods, and Wil- 
liam P. Scott. USAF WADC TR 55-190, 
Pt. II {AD 118236], Apr., 1957. 25 pp 
Application of certain hexa alkoxy disilox- 
ane fluids as the base oil for the develop- 
ment of a grease 

Airframe Lubricants. 
TR 57-36, Pt. |AD 118277), May, 1957 
15 pp. Review of research on lubricants 
from June, 1954 to December, 1956. The 
report describes the scope and objective of 
each project, the work of the laboratory 
and service evaluation panels for each, the 
conclusions reached, and the plans under 
consideration for future work. 

Solid Propellant Bibliography. Alfred 
J. Zaehringer. Jet Propulsion, Aug., 1957, 
pp. 900-927. Navy-sponsored compila- 
tion to secure an overall view of the state of 
the art and to implement and supplement 
the classified works available through the 
Solid Propellant Information Agency. 

Liquid Propellants for Manned Rocket 
Aircraft. William Mitchell. Missiles © 
Rockets, Sept., 1957, pp. 109-114. — Dis- 
cussion of propellant requirements includ- 
ing low freezing point, nontoxicity, non 
corrosiveness, easy ignition, high specific 
impulse, and high thermal stability. Sev- 
eral propellant combinations are exam 
ined in terms of these criteria. 

Some Aspects of the Catalytic Decom- 
position of Hydrogen Peroxide by Silver. 
I The Solubility of Silver in Mixtures of 
Hydrogen Peroxide and Water. II—The 
Rate of Solution of Silver in Mixtures of 
Hydrogen Peroxide and Water. III—The 
pH of Mixtures of Hydrogen Peroxide and 
Water Containing Dissolved Silver. IV 
The Electrical Conductivity of Mixtures of 
Hydrogen Peroxide and Water Containing 
Dissolved Silver. V—The Effect of Chlo- 
rije Ion on the Solution of Silver in Mix- 
tures of Hydrogen Peroxide and Water. 
F. L. Maggs and D. Sutton. Gt. Brit., 
RAE Rep. R.P.D. 35, Apr., 1957. 43 pp. 

Fluorine—Tamed for Rockets. H. R 
Neumark and F. L. Holloway. Missiles & 
Rockets, Sept., 1957, pp. 97-100. Discus- 
sion taking into account availability, 
chemical properties, handling, packaging, 
and shipping. 

1957 Liquid Propellant Round-up. Mzs- 
siles & Rockets, Sept., 1957, pp. 82-86. 
Survey of propellant developments since 
the end of World War IT. Includes list of 
manufacturers, production figures, and 
some performance data 

Chemical Fragments as Ultra-Energy 
Propellants. W. H. Anderson and G. 
Moe. (AFOSR Abstracts Bul.1.) Aerojet- 
Gen. Rep. 1284, July, 1957. 32 pp. Re- 
view of literature on ultra high energy 
substances as potential propellants for 
rocket propulsion. 


Ice Formation & Prevention 


Investigation of Materials for Electrical 
Thermal Cyclic De-Icing Pads. Paul R. 
Ginnings, Arthur L. Stube, and Frank A. 
Jeffries. USAF WADC TR 57-41 [AD 
118216], Apr., 1957. 72 pp. Survey of 
available and suitable materials for use in 
leading-edge electrical thermal cyclic de- 
icing pads. Materials for use as electrical 


USAF WADC 
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insulation, thermal insulation, and con- 
ducting circuits are investigated as to 
properties relevant to their end use and to 
their compatibility with other materials. 

Maintenance and Minor Repair of 
Deicer Boots. kheed Field Serv. Dig., 
Sept.-Oct., 1957, pp. 3-11. 


Instruments 


An Improved Instrument for the Meas- 
urement of Linear Pyrolysis Rates of 
Solids. M. Barsh. Aerojet-Gen. TN 
20 (AFOSR TN 57-513) [AD 136499], 
July 15, 1957. 19 pp. Design and con 
struction of an improved apparatus for 
measuring the linear decomposition and 
sublimation rates 
features includ 
devices; 


of solid substances. Its 
automatic recording 
an integral heating element and 
thermocouple assembly ; stainless-steel and 
Plexiglass construction throughout; heavy, 
solid-copper electrical-conductor supports 
for the heating element; and a precision 
position-sensing potentiometer 

Upravlenie Sistemami Pitaniia Ane- 
roidno-Membrannykh Priborov. V 
lakovenko Grazhdanskaia_ Aviatsiia, 
Aug., 1957, p. 35. In Russian. Descrip 
tion of the operation of such instruments 
as altimeters, variometers, and speed in 
dicators 

Rapid Automatic Checkout Equipment 
for Maintenance of Weapon Systems. 
David Y. Keim. Sperry Eng. Rev., July 
Aug., 1957, pp. 2-4 Discussion of the 
need for automatic checkout for mod 
ern weapon systems and description of the 
Sperry RACE Phe deseription in 
cludes a block diagram, methods of fault 
isolation, discussion of analog or digital 
comparator selection, and operation of the 
indicator panel 

Multitraverse Recording Dilatometer. 
T. J. Struys and H. A. H. Griffiths. 
Australia, ARL IN 61, Feb., 1957. 32 pp 
Description of a recorder in which scale 
expansion is obtained by making several 
transverses of the chart correspond to full 
range of the input variable. 

Automation Takes Over Missile Check- 
out. David Y. Keim and Arthur L. Mor 
row. Av. Age, Sept., 1957, pp. 68-73 ff 
Description of the Sperry RACE (Rapid 
Automatic Checkout Equipment), de 
signed to make a rapid check of hydraulic, 
pneumatic, stabilization, guidance, arm 
ing, and propulsion units. 

O Tochnosti Izmeritel’nogo Pribora. 
V. P. Radovitskii. Jzmer. Tekh., July 
Aug., 1957, pp. 54, 55. In Russian 
Discussion of the 
devices. 

Spectrohelimeter for Continuously 
Monitoring Solar Radiation in Five Wave- 
length Bands. Y.T. Sihvonen. Rev. Sci 
Instr., Aug., 1957, pp. 628-635. Descrip 
tion of an automatic instrument that quan 
titatively records and integrates solar ra 
diation. 

Apparatus for Studying Convection 
Under the Simultaneous Action of a Mag- 
netic Field and Rotation. 
Nakagawa. Rev. Sci 


uccuracy of measuring 


Yoshinari 
Instr., Aug., 1957, 
pp. 603-609. Description of apparatus for 
the study of instability of a layer of mer 
cury heated from below and subjected to 
the simultaneous action of a magnetic field 
and rotation 
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Optical Tracking System Goes Mobile. 
Ind. Labs., Sept., 1957, p. 21. Description 
of the Telescopic Photographic Recorder, 
a six-ton system for photographing the 
flight history of missiles, aircraft, and 
bombs. Documentary information pro- 
vided includes altitude data, spin rates, 
and correlated time data. 


Accelerometers 


Precision Measurement of Supersonic 
Rocket Sled Velocity. I. F. J. Beutler and 
L.L. Rauch. Jet Propulsion, Sept., 1957, 
pp. 1,021-1,024. Method of combining 
track coil and accelerometer data _pre- 
sented 

The Design of Feedback Acceleration 
Transducers. Appendix I—Derivation of 
Transfer Function of Feedback Trans- 
ducer System. Appendix II—The Effect 
of Phase-Lead Equalisation on the Trans- 
fer Function of the System. Appendix 
I11—Method of Obtaining Optimum 
Transfer Function Characteristics. Ap- 
pendix I1V—The Stiffness of the Closed 
Loop System. Appendix V—The Sensi- 
tivity of a Push-Pull Capacitance A.C. 
Bridge with Tightly Coupled Inductive 
Ratio Arms. W. R. Macdonald Gt. 
Brit., RAE TN Instn.157, Jan., 1957. 59 
pp 


Automatic Control 


How to Solve Analyzer Control Prob- 
lems. A. Russell Aikman. (JSA_ 3rd 
Natl. Symposium on Instruments & Methods 
of Analysis, Chicago, June 13-15, 1957 
ISA J., Sept., 1957, pp. 363-368 

The Design of Sampling Servomecha- 
nisms. I. §S. Demezynski. Elec. Energy, 
Sept., 1957, pp. 410-414. Review of 
methods applicable for analysis and syn 
thesis of linear sampling servomechanisms. 
The use of a digital computer as a circuit 
clement is also indicated. 


Flight Instruments 


Fighter Flight Instrumentation. Flight, 
Aug. 16, 1957, p. 212. Description of a 
new system in which the display units are 
servooperated and respond to data re 
ceived from the separate sensing, detector, 
and computer units of the flight-dynamic 
and aerodynamic reference systems. The 
flight-dynamic system presents on two in 
struments the data norially supplied by 
the artificial horizon, directional gyro, gyro 
magnetic compass, I.L.S., flight detector, 
Tacan range, and bearing and sideslip in 
formation 


Flow Measuring Devices 


The Measurements and Recording of 
Measurements on Aerodynamic Balances 
by Means of Resistance Strain Gauges. 
M. Bassiére. (NATO AGARD Rep. 14, 
1956; France, ONERA NT 32, 1956 
Gt. Brit., RAE Lib. Transl. 666, June, 
1957. 16 pp. 

The Calibration at Transonic Speeds of 
a Mk.9A Pitot Static Head with and With- 
out Flow Through the Static Slots. D. G. 
Mabey. Gt. Brit. RAE TN Aero.2500, 
Mar., 1957. 27 pp. Measurement of the 
static pressure error and of the variation 
in this error with the simulated rate of 
climb or descent. The static error may be 
reduced slightly by sealing the drain hole 
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SMALL ENGINE Test Cel!ls—In this test house at 
Wen-Mac Corp., Los Angeles, California, technicians 
test engines for toy models. Noise inside is 100 decibels 
at high frequencies, but Koppers sound conditioning 
keeps outside level low enough for normal conversation. 


KOPPERS 
silences engines 
of any size 


Big engines or little engines —it makes no difference ... 
Koppers Industrial Sound Control Department silences 
the noise of any engine . . . whether it’s from a run-up 
test of the newest super-sonic jet fighter plane . . . or from 
a severe testing of a number of small engines like the 
tiny (1/12 HP) but loud Wen-Mac engine for toy models. 
Koppers ISC acoustical engineers custom-design sound- 
suppressing treatment for any industrial or aircraft noise 
problem. Test hangars . . . test houses . . . run-up mufflers 
. machinery enclosures . . . sound-proof rooms, shops 
and doors . . . air-borne mufflers—all are part of the 
normal sound control service offered by Koppers. 
Solve your noise problems now —efficiently and eco- 


LARGE ENGINE Test Cells—Large, permanent 
test hangars built by Koppers Industrial Sound 
Control Department provide sound-controlled test- 
ing facilities for the most modern and the most 
powerful engines throughout the aircraft industry. 


nomically. Boost worker morale . . . prevent litigation for 
hearing loss damages . . . maintain better community 
relations. For further information, write to KOPPERS 
Company, INc., Industrial Sound Control Dept., 5912 
Scott Street, Baltimore 3, Maryland. 


INDUSTRIAL 
SOUND CONTROL 


Engineered Products Sold with Service 
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Gyroscopes 


Unheated Floated Rate Gyro Saves 
Space, Weight, Wattage. Victor DeBiasi. 
Av. Age, Sept., 1957, pp. 78-83 ff. De- 
scription of a floating gyro in which the 
damping gap between the inside circum- 
ference of the cylinder and the gyro float 
chamber is controlled as a function of tem- 


perature. 
Gyroscopes for Inertial Navigators. 
J. M. Slater. (ASME Semi-Annual 


Meeting, San Francisco, June 9-13, 1937, 
Paper 57-SA-39.) Mech. Eng., dept., 
1957, pp. 832-835, 857. Discussion of 
gyro principles and their application to 
the design of a self-contained navigation 
system. 


Tachometers 


Izmerenie Uglovykh Skorostei pri Po- 
moshchi Avtomatizirovannogo Friktsion- 
nogo Takhometra. V. 1. Sergeev. Jsmer. 
Tekh., July-Aug., 1957, pp. 65-69. In 
Russian. Measurements of angular ve- 
locities using a frictional tachometer. 


Temperature Measuring Devices 


Measurement of Temperature at High 
Pressure by Radiation and Certain Optical 
Effects in Gases. Ia. A. Kalashnikov and 
L. F. Vereshchagin. Sov. Phys.-Tech. 
Phys., No. 8, 1957, pp. 1,749-1,759. 41 
refs. Translation. Description of a de- 
vice using the photoelectric method to 
measure temperature without having to 
consider the distorting effects of pressure. 

Izmerenie Temperatury vo Vrashcha- 
iushchikhsia Ob’ektakh. G. P. Zedginidze 
Izmer. Tekh., May-June, 1957, pp. 49-58 
19 refs. In Russian. Description of 
methods and equipment used for tem- 
perature measurement on rotating parts. 


Vibration Measuring Devices 


Measurements of Vibration Environ- 
ment in a Supersonic Liquid Propellant 
Rocket Sled. G. M. Barr andS. C. Morri- 
son. Jet Propulsion, Sept., 1957, pp. 
1,017-1,021. 

Taming a Tiger. R.H. Tripp. CEC Re- 
cordings, Sept.-Oct., pp. 16, 17. Applica- 
tion of a vibration meter to determine en- 
gine vibration on the F11F-1F. 


Machine Elements 


How to Reduce Shock Loads in Bear- 
ings. R.H. Carter. Prod. Eng., Sept. 16, 
1957, pp. 72-76. Equations and tables for 
estimating shock capacities of bearings, 
and description of special races, springs, 
resilient materials, preloaded bearings, 
and floating units to reduce shock. 

Bearings, Lubricants, and Lubrication: 
A Digest of 1956 Literature. H. A. Har- 
tung. Mech. Eng., Sept., 1957, pp. 842 
852. 163 refs. 

Cam and Gears Join to Stop Shock 
Loads. Joseph Stiles Beggs and Raymond 
Stiles Beggs. Prod. Eng., Sept. 16, 1957, 
pp. 84, 85. Explanation of the means by 
which a new intermittent mechanism 
avoids trouble peaks occurring in the 
operation of high-speed or large-mass 
machinery. 

Neue kritische Drehzahlen von einfach 
besetzten Wellen. W. Keller. Jng. Arch., 


No. 2, 1957, pp. 71-89. In German. Cal- 
culation of new critical revolutions of 
shafts with mounted discs. 

Knickung von Schraubenfedern unter 
Druck und konservativer Torsion. H. 
Maag. Ing. Arch., No. 2, 1957, pp. 113 
133. 13 refs In German. Study of 
buckling of helical springs under compres- 
sion and conservative torsion. 


Maintenance 


The Servicing and Maintenance of Com- 
mercial Aircraft. R. J. Proctor. (CAI 
Mid-Season Meeting, Winnipeg, Feb. 25, 
1957.) Can. Aero. J., Sept., 1957, pp. 220, 
zi. 


Materials 


New Materials That the Design Engi- 
neer Should Know About. (ASME Des. 
Eng. Conf., New York, May 20-23, 1957.) 
Mech. Eng., Aug., 1957, pp. 720-724. 20 
refs. Survey of new development in 
metallic materials, ceramics and refractory 
materials, plastics and rubbers, coatings 
and finishes. 

Die Bestimmung der wahren Stoffei- 
genschaften aus den mittleren, besonders 
bei der Warmeleitzahl. W. Bolte. BWK, 
Aug., 1957, pp. 373-378. InGerman. De- 
termination of true qualities of a material 
from average values, particularly in the 
case of heat conductivity. 


Ceramics & Ceramals 


Propiedades Eléctricas de los Ma- 
teriales Ceramicos. Luis Ferrer Olmos 
Rev. Ceinc. Apl., Jan.-Feb., 1957, pp. 32 
39. 36 refs. In Spanish. Discussion of 
electric properties of ceramic materials. 

Evaluation of the Engineering Proper- 
ties of Titanium Carbide Base Cermets. 
John C. Redmond, Robert J. Reintgen, 
James R. Fenton, and Maurice E. Simon. 
USAF WADC TR 57-25 [AD 110721], 
July, 1956 (Apr., 60 pp. Experi 
mental determination of short-time stress 
strain characteristics at room and high 


temperatures, and stress-to-rupture tests 
of recently developed compositions. Im- 
pact testing by both Charpy and high 
velocity pellet methods are included, 
along with further fatigue testing. 

Radiation Effects on Ceramics. Am. 
Cer. Soc. Bul., Sept., 1957, pp. 372-374 
37 refs. 

Thermal Conductivity. XIII—Effect of 
Microstructure on Conductivity of Single- 
Phase Ceramics. F. R. Charvat and W 
D. Kingery. (Am. Ceram. Soc., 58th An 
nual Meeting, New York, Apr. 24, 1956.) 
Am. Cer. Soc. J., Sept., 1957, pp. 306-315 
23 refs. 


Corrosion & Protective Coatings 


On the Mechanism of the Oxidation of 
Metals. D. A. Vermilyea. Acta Metal- 
lurgica, Sept., 1957, pp. 492-495. 23 refs 
Discussion of the consequences of assum 
ing that, during the low-temperature oxi 
dation of a metal whose oxide is a cation 
conductor, metal atoms enter the oxide 
only at lattice steps on the metal surface, 
and that new oxide forms only at the oxide 


interface. Includes discussion of some ob- 
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servations of anisotropy-of-oxidation rate 
on different crystal faces. 

Stress Corrosion of Titanium Weld- 
ments. Russell Meredith and W. L 
Arter. Welding J., Sept., 1957, pp. 415-s 
418-s. Investigation which indicates that 
a chlorinated hydrocarbon solution causes 
the development of stress corrosion cracks 
when placed in contact with RC A110 AT 
titanium alloy at 700°F. 

Reduction of Oxidized Nichrome V 
Powders and Sintering of Nichrome V 
Bodies. Paul Sikora and Philip Clarkin 
U. S., NACA TN 4032, Sept., 1957. 18 
pp. Experimental investigation to deter- 
mine the effectiveness of the deoxidation 
and sintering techniques by comparing the 
strengths and microstructures of powder- 
metallurgy specimens with those of 
wrought specimens, to determine the effect 
of residual-oxide content on the tensile 
properties of powder-metallurgy  speci- 
mens, and to evaluate different methods of 
obtaining essentially oxide-free powders by 
these determinations. 


Metals and Alloys 


Titanium-Clad Steel—-Sooner Than You 
Think. R. F. Domagala, D. W. Levinson, 
and W. Rostoker. Prod. Eng., Sept. 16, 
1957, pp. 111-113. Discussion summariz- 
ing two basic lamination methods, rolling 
conditions, the nature of the bond, and 
the remaining obstacles to commercial ex 
ploitation of the process. 

The Mechanism of Thermal-Gradient 
Mass Transfer in the Sodium Hydroxide- 
Nickel System. Appendix A—Existence 
of Sodium Nickelite in Sodium Hydroxide- 
Nickel System. Appendix B—The Effect 
of Hydrogen upon Mass Transfer and 
Nickelite Concentration. Appendix C 
Rate of Formation of Sodium Nickelite. 
Appendix D—Reactions of Chromium and 
Its Compounds with Molten Sodium Hy- 
droxide. Appendix E—-Chromate-Chro- 
mite Equilibrium in Molten Sodium 
Hydroxide. Appendix F—Equilibrium 
Concentration of Sodium Oxide in Sodium 
Hydroxide. Appendix G—Corrosion and 
Mass Transfer in Sodium Hydroxide- 
Copper System. Appendix H--Thermo- 
electrical Potential of Nickel in Molten 
Sodium Hydroxide. Charles E. May 
U.S.; NACA TN 4089, Sept., 1957. 54 
pp. 15 refs. 

Tensile Properties of Inconel X Sheet 
Under Rapid-Heating and Constant-Tem- 
perature Conditions. Ivo M. Kurg. U.S., 
NACA TN 4065, Aug., 1957. 20 pp 
Comparison of yield and rupture stresses 
obtained under temperature rates ranging 
from 0.2°F. to 100°F. per sec., with results 
of conventional tensile stress-strain tests 
at elevated temperatures. 

Notch Sensitivity of Aircraft Structural 
and Engine Alloys. I—Preliminary 
Studies with A-286 and 17-7 PH (TH 1050) 
Alloys. Howard R. Voorhees and James 
W. Freeman. USAF WADC TR 57-58, 
Pt. I [AD 118289], May, 1957. 36 pp 
Investigation to clarify factors controlling 
rupture life in the presence of a nonuniform 
complex stress. Results obtained indicate 
that reduction of an alloy’s inherent 
strength by prior plastic deformation may 
be a prominent factor in notch sensitivity 

Study of the Micro-Nonuniformity of the 
Plastic Deformation of Steel. B. B 
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SPLIT-SECOND MISSILE CONTROL 
AT 15,000 MILES PER HOUR 


“THINKS” FAR AHEAD OF SUPERSONIC MISSILES 


Eye-defying speeds characterize today’s ballistic missiles, 
and their effectiveness depends on accurate guidance. 

That means electronic computation—and telemetering, 
which now keeps ground guidance control instanta- 
neously informed of what's going on within and around 
the missile in flight: directional variances, atmospheric 
density, propulsion performance and so on. 

Electronic computation, telemetering, high-speed 
read-out devices for airborne control or ground missile 
guidance ... all are identified with Burroughs in today’s 
vital defense contracts. From initial research to actual 
installation and field services Burroughs participation 
extends to instrumentation, control systems, communica- 
tions and other facets of electronic computation. 

We welcome inquiries regarding projects in any and 
all areas of our proved competence. Write, call or 
wire Burroughs Corporation, Defense Contracts Organ- 
ization, Detroit 32, Michigan. Or Burroughs Defense 
District Offices: Paoli, Pa. * Dayton, Ohio, 3898 
linden Ave. * Encino, Calif., 17071 Ventura Blvd. 
Washington, D.C., 1145 Nineteenth Street N.W. 


BURROUGHS 


CORPORATION 


THE FOREMOST NAME IN COMPUTATION 
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Chechulin. U.S., NACA TM 1411, Aug., 
1957. 21 pp. Analysis of polyerystalline- 
metal flow, carried out by means of a sta- 
tistical analysis of the variation of fre- 
quency diagrams for the nonuniformity of 
grains in the plastic-deformation process 

Stainless Steels Including Other Fer- 
rous Alloys. Walter A. Luce. Jnd. & 
Eng. Chem., Sept., 1957, pp. 1,643-1,652. 
137 refs. Review of properties including 
the effects of high temperature and corro- 
sion media, and welding. 


Strength and Ductility of Bainitic 
Steels. Donald H. Desy, J. O. Brittain, 
and M. Gensamer. U.S., NACA TN 


3989, Aug., 1957. 32 pp. 15 refs. Study 
of factors affecting strength and ductile-to- 
brittle transition temperature, including 
mean ferrite path and degree of internal 
strain. 

Investigation of Materials Fatigue Prob- 
lems. H. N. Cummings, F. B. Stulen, and 
W. C. Schulte. USAF WADC TR 56- 
611, Mar., 1957. 208pp. Determination 
of S-N curves for SAE 4340 air-melted and 
vacuum-melted steel. Several steels of 
3 X 10° psi are investigated by Prot tests, 
and S-N curves are obtained for a 4350 
steel of the same ultimate tensile strength. 

‘Exotic’? Metals Look Good for To- 
morrow’s High Temperature Structures. 
Irwin Stambler. (Am. Inst. Mining © 
Metallurgical Engr., Regional Reactive 
Metals Conf., Los Angeles, May 28, 29, 
1957.) Av. Age, Sept., 1957, pp. 42-47 ff. 
Discussion of the possibilities for using 
niobium, vanadium, and zirconium as 
base metals of future aircraft and missile 
alloys 

Engineering for the High Temperature 
Age of Flight. II]. Frederick L. Bagby. 
Astronautics, Sept., 1957, pp. 46-51. 
Study of material developments which in 
dicates the need for an integrated develop- 
ment procedure involving 
physics, and metallurgy 

New Nickel Alloys for High Tempera- 
ture Service. Randolph P. Dominic. 
Materials in Des. Eng., Sept., 1957, pp. 
115-119. Discussion covering Inconels 
700, 702, and 713 C, and Incoloys T and 
901. 

Tensile Stress-Strain Properties of 17-7 
PH and AM 350 Stainless-Steel Sheet at 
Elevated Temperatures. Ivo M. Kurg. 
U.S., NACA TN 4075, Sept., 1957. 16 
pp. Tables and graphs giving stress-strain 
curves, data on yield and ultimate stresses, 
Young's modulus, and elongation for 17-7 
PH stainless-steel sheet in the Condition 
TH 1,050 and for AM 350 stainless-steel 
sheet in the double-aged condition, over a 
temperature range from room temperature 
to 1,300°F. The tensile properties are 
compared with previously obtained com 
pressive properties 

Tensile Properties of Aircraft-Structural 
Metals at Various Rates of Loading After 
Rapid Heating. Joseph D. Morrison and 
J. Robert Kattus. USAF WADC TR 
55-199, Pt. II [AD 110540], Nov., 1956 
(Jan., 1957). 181 pp. Investigation to 
determine effects of variations in strain 
rate and holding time on the tensile prop- 
erties of aircraft metals. 

Intermittent Stressing and Heating 
Tests of Aircraft Structural Metals. John 
Salvaggi. USAF WADC TR 53-24, Pt. 
IV {AD 118293], May, 1957. 68 pp. 


chemistry, 


Evaluation of C-110M titanium, A-70 ti- 
tanium, type 321 stainless steel, N-155 
alloy, and 4130 steel under conditions of 
combined intermittent temperature and 
load. Test results reveal little difference 
in creep and rupture behavior from tests 
done singularly 

Compressive Stress-Strain Properties 
of 17-7 PH and AM 350 Stainless-Steel 
Sheet at Elevated Temperatures. Bland 
A. Stein. U. S., NACA TN 4074, Aug., 
1957, 21 pp. Presentation of stress-strain 
curves for 17-7 PH heat-treated to condi- 
tion 7H 1050, and for AM 350 heat- 
treated to the double-aged condition. 
Significant design data, including com- 
pressive yield stress, Young’s modulus, and 
secant and tangent moduli, are presented 
in graphical and tabular form, 


Metals & Alloys, Nonferrous 


Nickel Including High-Nickel Alloys. 
R. M. Fuller. Jnd. & Eng. Chem., Sept., 
1957, pp. 1,618-1,628. 200 refs. Review 
of current literature with emphasis on 
high-temperature and noncorrosive appli 
cations. 

The Incidence of Hot Cracking in 
Aluminium-Zinc-Magnesium Alloys with a 
Constant Copper Content (0.5%). W 
Patterson, R. Kiirmmerle, and H. Les- 
senich. (Giesserei, Tech. Wiss. Beithefte, 
No. 15, 1955.) Gt. Brit.. MOS TIL 
74793, July, 1957. 5 pp. Experimental 
investigation using the ring molds of the 
type developed by Singer and Jennings 

Less Common Metals. E. M. Sherwood. 
Ind. & Eng. Chem., Sept., 1957, pp 
1,612-1,617. 1438 refs 
literature on zirconium, 
denum, niobium, tant 
chromium 

Effect of Crystal Orientation on Fatigue- 
Crack Initiation in Polycrystalline Alumi- 
num Alloys. J. G. Weinberg and J. A 
Bennett. U. S.. NACA TN 3990, Aug., 
1957. 22 pp. Comparison of the magni 
tude of the resolved shear stress in cracked 
grains of a polycrystalline specimen with 
those in neighboring grains that do not 
contain cracks. The investigation is con 
ducted with both torsion and bending 
fatigue loading 

The Fatigue Strength of Aluminum Al- 
loy Lugs. Appendix Stress Concen- 
tration Around Pin-Loaded Holes. J] 
Schijve and F. A. Jacobs. Netherlands, 
NLL TN M.2024, Jan., 1957. 51 pp. 28 
refs. Presentation of fatigue diagrams for 
unnotched specimens and two types of lugs 
of 2024-T aluminum alloy 

Quelques Généralités sur le Titane et sa 
Métallurgie. M. Marcel. Soc. Ing. Cir 
France, Mem., Jan.-Feb., 1957, pp. 11-21 
In French. Discussion of the properties 
and applications of titanium. 

Titanium. H. B. Bomberger. Ind. & 
Eng. Chem., Sept., 1957, pp. 1,658—-1,662 
62 refs. Review of production and fabri 
cation techniques, corrosive properties, 
and mechanical properties 


Review of current 
hafnium, molyb 
rhenium, and 


Nonmetallic Materials 


An Evaluation of Popcorn as a Cushion- 
ing Material. R. K. Stern. 
WADC TR 56-660 |AD 118314], May, 
1957. 27 pp. Establishment and com- 
parison of stress-strain curves for popcorn, 
bound hair, and cellulosic wadding under 
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several temperature and humidity con- 
ditions. 

The Shrinkage and Extensibility of 
Heated Yarns. I. J. E. Swallow. Gt 
Brit., RAE TN Chem.1302, Mar., 1957. 
22 pp. Description of changes in length 
which occur when nylon, Terylene, and 
Fortisan varns are heated, and of the re- 
versibility of these changes. 

Non-Metallics for Missiles. John H. 
Lux and Robert L. Noland. Missiles & 
Rockets, Sept., 1957, pp. 137-144. Dis- 
cussion of properties, applications, and 
forming techniques for materials made of 
an organic binder pyrolyzed with high- 
melting inorganic silicates. 

Removal of Oxygen From Solutions with 
Oxidation Reduction Resins (Electron 
Exchangers). G. Manecke. (Angew 
Chem., 1955, pp. 613-615.) Gt. Brit., 
RAE Lib. Transl. 675, June, 1957. 
13 refs 

Adhesive Bonding of Stainless Steel for 
High Temperature Applications. Frank 
J. Riel. SAMPE Conf., Los Angeles, Jan 
31-Feb. 2, 1957, Paper 4. 11 pp. Discus 
sion of research program to develop a suit 
able adhesive for high-temperature use 
with stainless steel. 

An Evaluation of Heat Resistant Lami- 
nating Resins. B. A. Blythe and W. W. 
Wright. Gt. Brit., RAE TN Chem.1303, 
Mar., 1957. 66 pp. Study of the varia 
tions with time at various temperatures 
of the flexural strength, modulus of elas 
ticity, and weight loss of glass fiber lami 
nates. Thirteen heat-resistant laminating 
resins are used in the test. 

The Velocity Dependence of the Fric- 
tion of Teflon and its Wear Properties. Kk 
Matsubara. (J. Mech. Lab. Tokyo, No. 3, 
1956, pp. 115-123.) Gt. Brit., MOS TIL 
14749, July, 1957. ll pp. 17 refs. Ex 
perimental investigation with specific ex 
amination of the dependence of friction on 
velocity, the limiting p.v. value for low 
wear at room temperature, and wear 
characteristics at elevated temperatures 

How to Find Design Allowables for Re- 
inforced Plastic Laminates. Eric L 
Strauss. Av. Age, Aug., 1957, pp. 72 
77 fff. 

The Effect of Catalysts on the Thermal! 
Stability of Phenolic Resins. |). B. \ 
Parker. Gt. Brit., RAE TN Chem.1299, 
Mar., 1957. 14 pp. Experiments which 
indicate that the use of ammonia as 


pp. 


catalyst produces heat resistance superior 
to that of resins produced with other com 
mon catalysts. 

Some Results on the Crazing of Perspex 
Including the Effect of Humidity. B. A 
Blythe and W. W. Wright. Gt. Brit., 
RAE TN 1298, Feb., 1957. 20 pp 
Derivation of a quantitative value for the 
change in threshold crazing stress with 
change in relative humidity, and presenta 
tion of a table of threshold crazing stresses 
for Perspex with a range of liquids 

Polyurethane Plastics. A Hoechtlen 

Kunststoffe, No. 7, 1950, pp. 221-232 
Gt. Brit., RAE Lib. Transl. 669, June, 
1957. 24 pp. 23 refs. Review of various 
polyurethane plastics already available or 
in development—including 
cross-linked combinations 


linear and 
their applica 
tions, casting compositions, adhesives, and 
expanded materials. 
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CONSULT YOUR 
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For Names—Current Addresses—General Description of Products of all principal manufacturers of 
aircraft and guided missile components 


Specific product data of these leading companies 
is filed in the current 1957 edition. 


Ace Electronics Associates 
Acme Precision Products, Inc. 
Adel Div., General Metals Corp. 
Aerojet-General Corp. 
‘ Aeroquip Corp. 
4 Aircraft Radio Corp. 
| R. C. Allen Business Machines, Inc. 
d The American Brass Co. 
American Metal Hose Div. 
American Felt Co. 
American Screw Co. 
American Seating Co. 
American Steel & Wire Div. 
U.S. Steel Corp. 
Amphenol Electronics Corp. 
Albert & J. M. Anderson Mfg. Co. 
Avco Defense and Industrial Products 
B & H Instrument Co., Inc. 
Bendix Products Div., Bendix Aviation Corp. 
Caledonia Electronics & Transformer Corp. 
Cannon Electric Co. 
Century Controls Corp. 
Chain Belt Co. 
Chandler-Evans 
Cherry Rivet Div., Townsend Co. 
Cleveland Pneumatic Tool Co. 
Delavan Manufacturing Co. 
Douglas Aircraft Co., Inc. 
Eastern Industries, Inc. 
Kclipse-Pioneer Div., Bendix Aviation Corp. 
Thomas A. Edison Inc. 
Klastic Stop Nut Corp. of America 
Electrical Engineering & Mfg. Corp. 
Fenwal, Inc. 
Flexonics Corp. 
Ford Instrument Co. 
General Electric Co., Silicone Products Dept. 
G. M. Giannini & Co., Inc. 
Graphite Metallizing Corp. 
Hartwell Aviation Supply Co. 
Hathaway Instrument Div., Hamilton Watch Co. 
The A. W. Haydon Co. 
Jack & Heintz, Inc. 
Johns-Manville 
Joy Manufacturing Co. 
Kawneer Co. 
Kearfott Co., Inc. 
Kelsey-Hayes Co. 


AERONAUTICAL ENGINEERING CATALOG 


An Official Publication 
INSTITUTE OF THE AERONAUTICAL SCIENCES 


2 East 64th Street 


Kenyon Instrument Co., Inc. 

Lavelle Aircraft Corp. 

Lear, Inc. 

Lewis Engineering Co. 

Link-Belt Co. 

The Liquidémeter Corp. 

Lisle Corp. 

Lundy Manufacturing Corp. 

Magnetic Amplifiers, Inc. 

Manning, Maxwell & Moore, Inc. 

Marman Div., Aeroquip Corp. 

Marquardt Aircraft Co. 

Meletron Corp. 

Micro Switch Div., Minneapolis-Honeywell 
Regulator Co. 

Mine Safety Appliances Co. 

The New York Air Brake Co. 

Pioneer Parachute Co., Inc. 

Revere Corp. of America 

M. H. Rhodes, Inc. 

Rohr Aircraft Corp. 

Rosan Ine. 

Arthur C. Ruge Associates, Inc. 

Ryan Aeronautical Co. 

Safe-Flight Instrument Corp. 

Scott Aviation Corp. 

Sierra Engineering Co. 

Sikorsky Aircraft Div., United Aircraft Corp. 

Simmonds Aerocessories, Inc. 

A. O. Smith Corp. 

Solar Aircraft Co. 

Southwest Products Co. 

Sperry Gyroscope Co. 

Standard Pressed Steel Co. 

Stanley Aviation Corp. 

Sterer Engineering & Mfg. Co. 

F. W. Stewart Corp. 

Stratoflex, Inc. 

Stratos Div., Fairchild Engine & Airplane Corp. 

Swedlow Plastics Co. 

Technical Appliance Corp. 

Vickers, Inc. 

The Weatherhead Co. 

Western Gear Corp. 

Weston Electrical Instrument Corp. 

S.S. White Dental Mfg. Co. 

Wittek Manufacturing Co. 

Zenith Plastics Co. 


New York 21, N.Y. 
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The Effect of Tropical Exposure on 
“High Softening Point’’ Perspex. B. A. 
Blythe, M. M. Cornford, and W. W. 
Wright. Gt. Brit., RAE TN Chem.1305, 
Mar., 1957. 13 pp. Results of physical 
and mechanical tests carried out on Per- 
spex pane. Considerable degradation 
takes place as evidenced by molecular 
weight measurements, but little effect on 
physical and mechanical properties is in- 
dicated after twelve months’ exposure. 

The Resistance to Shock of Plasiics and 
Their Derivatives. G. Fabre. (Docaéro, 
Sept., 1956, pp. 45-64.) Gt. Brit., RAE 
Lib. Transl. 657, May, 1957. 30 pp. 35 
refs. 

Designing with Teflon. I-—How Proc- 
essing Affects Properties. II Strength 
Properties and Effects of Time. ach. 
Des., Sept. 5, 19, 1957, pp. 86-95; 162 
167. 

Thermal Insulating Properties and 
Characteristics of Low Density Plastic 
Core Materials. Andrew C. Rawuka. 
SAMPE Conf., Los Angeles, Jan. 31-Feb. 
2, 1957, Paper 2. 14 pp. Methods of 
analyzing the thermal conductivity of 
various types of core materials and a 
graphical comparison of type 20 Aircomb. 

Determination of the Flow Properties 
of Thermoplastic Melts. James M. Mc- 
Kelvey, J. Gavis, and T. G. Smith. 
SPE J., Sept., 1957, pp. 29-35. Review 
of methods and instruments useful for 
measuring the flow properties of extremely 
viscous fluids, with particular reference to 
problems peculiar to thermoplastic melts 

Synthetic Fiber Reinforced Thermo- 
setting Resins. John G. Green, Jr., and 
George W. Mays. SPE J., Sept., 1957, 
pp. 24-26. Investigation of nylon, Dacron 
polyester fiber, and Orlon acrylic fiber. 

A Guide to Synthetic Rubbers. Mal- 
colm W. Riley. Materials in Des. Eng., 
Sept., 1957, pp. 129-148. Summary of 
ten basic types of synthetic rubber, their 
properties, and their uses. The types in- 
clude styrene-butadiene, butyl, nitrile, 
polysulfide, neoprene, silicone, acrylic, 
hypalon, urethane, and fluoroelastomers 

Investigation of Condensation Type 
Elastomers. George C. Schweiker, Burton 
S. Marks, Russell R. White, and Rodolph 
N. Deleo. USAF WADCTR 55-221, Pt. 
III {|AD 118294], May, 1957. 48 pp. 
Description of the preparation, compound- 
ing, cross-linking, and properties of hexa- 
fluoropentylene adipate elastomer, as well 
as synthesis and properties of other 
fluorine-containing condensation polymers 
and difunctional starting materials. In- 
vestigation is part of a study to develop a 
rubber for special Air Force applications. 


Testing 


Analysis of Fluorinated Organo-Metal- 
lics. Il—Determination of Fluorine, 
Boron and Silicon in Organic Fluoro-Sili- 
con or Fluoro-Boro-Silicon Compounds. 
Otto Schwarzkopf and Rosemarie Hein- 
USAF WADCTR 56-19, Pt. II |AD 
130781], June, 1957. 25 pp. Develop- 
ment of analytical methods for the deter- 
mination of the elements—silicon, fluo- 
rine, and boron that are present in organic 
compounds. 

Chambre de Diffraction pour le Rayonne- 
ment du Chrome. F. Sebilleau. La 
Recherche Aéronautique, July-Aug., 1957, 
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pp. 338-37. In French. Description of a 
diffraction chamber designed for studying 
steels and materials containing chromium 
and cobalt. 

Solar Furnaces—-Ideal for High Tem- 
perature Research. Leo Seren. Av. Age, 
Aug., 1957, pp. 82-85 ff. Detailed descrip- 
tion of the design and operations of a solar 
furnace, used for testing high-temperature 
materials. 

Flaw Detection in the Non-Destructive 
Testing of Steel with High Energy X-Rays. 
R. Schittenhelm. (ZAP, No. 12, 1956, 
pp. 569-577.) Gt. Brit., MOS TIL/T4777, 
July, 1957. 16 pp. 11 refs. Analytical 
determination, in terms of the thickness of 
the sample and the energy of the radiation, 
of the difference in intensity produced by 
the flaws, and of the contrast on the film 
caused by this phenomenon. Calculations 
are made to find the extent to which flaws 
are detectable 

Studies of Quantitative Methods for the 
Separation and Determination of Zir- 
conium and Thorium in Magnesium Al- 
loys. B. A. Raby USAF WADC TR 
56-455 [AD 130797], June, 1957. 52 pp. 
148 refs. 

An Apparatus for Determining Hydro- 
gen Content of Titanium & its Alloys. E. 
G. Fatzer. Ind. Labs., Sept., 1957, pp 
22-33. 13 refs 

Apparatus for Precise Determination of 
Dynamic Young’s Modulus and Internal 
Friction at Elevated Temperatures. M. E. 
Fine. Rev. Sci. Instr., Aug., 1957, pp. 643 
645. OSR-sponsored description of an 
instrument which involves the use of the 
resonant method with electro- 
static transducers to determine Young’s 
modulus and internal friction of metals 

The Application of ‘‘Fractography’’ to 
Fatigue Failure Investigations. P. J. E. 
Forsyth. Gt. Brit., RAE TN Met. 257, 
Mar., 1957. 9 pp Description of a 
microscopic technique for the examination 
of fatigue failure. For the microscopic 
scale the only features which can be reli- 
ably used for fatigue identification are the 
fine lamellae which can be revealed at high 
magnifications 


dynamic 


Mathematics 


Fitting Curves to Experimental Data by 
Least Squares; an Examination of the 
Method of Plotting Experimental Re- 


sults. J. W. Head and G. M. Oulton. 
Aircraft Eng., Sept., 1957, pp. 268-270. 
Index. Polynomials and _ Bifurcating 


Root-Trees. H. Mince Royal 
(Edinburgh) Proc., Sect. A, 1956-57, pp. 
319-341. Study of faithful representations 
of the free cyclic (nonassociative) groupoid 
by means of bifureating root-trees and of 
index polynomials in two indeterminates 
emphasizing the intimate connection be 
tween these representations. 

Tables of Values of 16 Integrals of Alge- 
braic-Hyperbolic Type. Chih-Bing Ling. 
Math. Tables & Aids to Comp., July, 1957, 
pp. 160-166. 10 refs 

Tables for the Rapid and Accurate 
Numerical Evaluation of Certain Infinite 
Integrals Involving Bessel Functions. 1. 
M. Longman Vath. Tables & Aids to 
Comp., July, 1957, pp. 166-180. 

On the Time-Step to be Used for the 
Computation of Orbits by Numerical In- 
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tegration. J. W. Sheldon, B. Zondek, and 
M. Friedman. Math. Tables & Aids to 
Comp., July, 1957, pp. 181-189. Investi- 
gation to find a method for employing 
Cowell’s numerical-integration procedure, 
as modified by Eckert for orbit determina- 
tion on punched-card machines, so that the 
fewest arithmetic operations are required 
per unit of advance in time. 

Evaluation of Certain Physically Inter- 
esting Integrals and Hypergeometric 
Sums. M. A. Melvin and N. V. V. J. 
Swamy. J. Math. & Phys., July, 1957, pp. 
157-166. 

Lipschitz Conditions for Harmonic and 
Discrete Harmonic Functions. J. L. 
Walsh and David Young. J. Math. & 
Phys., July, 1957, pp. 138-150. USAF- 
Army supported solution of Dirichlet’s 
problem for a semi-infinite strip, and of a 
new vertical accordion process of folding 
a semi-infinite strip so as to cover a square 
infinitely often. 

On the Representation of a Certain In- 
tegral Involving Bessel Functions by Hy- 
pergeometric Series. Peter Henrici. J. 
Math. & Phys., July, 1957, pp. 151-156. 

On Methods of Summability Based on 
Power Series. D. Borwein. Royal Soc. 
(Edinburgh) Proc., Sect. A, 1956-57, pp. 
342-349. 

Integrirovanie Sistem Lineinykh Dif- 
ferentsial’nykh Uravnenii v Teorii Priz- 
maticheskikh i Slegka Piramidal’nykh 
Obolochek V. Z. Viasova. Kh. P. Vyr 
banov. AN SSSR Otd. Tekh. Nauk I:v., 
June, 1957, pp. 64-76. Integration of sys- 
tems of linear differential equations in the 
theory of shells. 

Operational Calculus. I-—-General Prin- 
ciples. Electronic & Radio Engr., Sept., 
1957, pp. 345-347. Discussion restricted 
to the Heaviside Calculus. 

On Limitations to Prediction. 
A. Gleeson. J. Meteorology, Aug., 1957, 
pp. 304-3807. USAF-supported derivation 
of an expression for the limit to certainty 
of perfect prediction, in terms of the 
amount of verification data and the detail 
of the predictand. 

Introducci6n a la Teoria de los Juegos y 
sus Aplicaciones. I-—Los Juegos de Dos 
Personas con Suma Nula. II—-Juegos de 
n Personas y Juegos de Suma No Nula; 
Aplicaci6n al Duopolio. José Castafieda. 
Rev. Cienc. Apl., Mar.-Apr.; May-June, 
1957, pp. 104-108; 204-220. 12 refs. In 
Spanish. Introduction to the theory of 
games and their application. 

Observatiuni Asupra Sistemelor de 
Ecuatii cu Derivate Partiale Liniare de 
Ordinul i cu Coeficienti Liniari. Adolf 
Haimovici. Jas? Politeh. Inst. & Al. J. 
Cuza U. Rev., Fasc. 1-2, 1955, pp. 5-23. 
In Rumanian, with summaries in French 
and Russian. Discussion of systems of 
linear equations having partial derivatives 
of the first order with linear coefficients. 

On The Holder Continuity of Quasi- 
Conformal and Elliptic Mappings. Robert 
Finn and James Serrin. Minn. U., Inst. 
Tech., Math. Div. Rep. (AFOSR TN 57- 
355) [AD 132428], June 11, 1957. 24 pp. 

O Contributie la Teoria Sistemelor de 


Thomas 


Ecuatii Diferentiale Liniare. Al. C. 
Climescu. Jasi Politeh. Inst. & Al. I. 
Cuza U. Bul., Fasc. 1-2, 1954, pp. 1-5. 


In Rumanian, with summaries in French 
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new blowdown WIND TUNNEL 
with air speeds over 3000 mph 


built for 


Pittsburgh-Des Moines 


Developing air velocities four times the speed of sound, Boeing Airplane 
Company’s recently-completed test facility at Seattle joins the long list of 
wind tunnels built by Pittsburgh-Des Moines for private and governmental 
agencies over the past 21 years. The Boeing wind tunnel is of blowdown 
design, with air blast furnished by two 38 ft pressure spheres through a 
variable flow-forming nozzle to a 4 ft x 4 ft test area. A feature of the 
Exterior view of test section tunnel is its telescoping model-holder section for ease of setting-up test 
and supersonic nozzle units. @ For experience, craftsmanship and responsibility in wind tunnel 
construction of every type, consult Pittsburgh-Des Moines. 


ENGINEERS - FABRICATORS - CONTRACTORS 


Pittsburgh-Des Moines Steel Co. 
Plants at PITTSBURGH, DES MOINES, SANTA CLARA, FRESNO, and CADIZ, SPAIN 
Sales Offices at: 


PITTSBURGH (95). . 3472 Neville Island DES MOINES (8) 973 Tuttle Street 
NEWARK (2)... 1752 Military Park Bldg DALLAS (1) 1277 Praetorian Bldg 
CHICAGO (3) 676 First National Bank Bldg SEATTLE (1) . Suite 580, 500 Wall St 
EL MONTE, CAL P. O. Box 2012 SANTA: CLARA, CAL... 679 Alviso Road 


DENVER (2) 323 Railway Exchange Bldg. 


Interior view of diffuser, toward nozzle 


Dispersing screen at exhaust into muffler 


One of two 38 ft air storage spheres 
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ATTENTION! 


AIRCRAFT and MISSILE 
PARTS and EQUIPMENT 
MANUFACTURERS 


Order Space Now 


in the 


1958 


AERONAUTICAL 
ENGINEERING 
CATALOG 


“The Established Buyer’s Guide and Directory 


for Aircraft and Missile Manufacturers’’ 


7,000 distribution in March, 1958 to Buyers and Buying 
Engineers in Aircraft and Missile Plants . . . Engine Plants. . 
Air Force ...NACA... Navy... Wind Tunnels 
Research Laboratories . . . Major Airlines. 


Write today for details and 4-Page Specifications Folder 


Deadline for copy—Dec. 16, 1957 
Deadline for Inserts—Jan. 15, 1958 


AERONAUTICAL 
ENGINEERING 
CATALOG 


Published by 
Institute of the Aeronautical Sciences 


2 East 64th St. New York 21, N.Y. 
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and Russian. Development of the theory 
of systems of linear differential equations 

On Fourier Series for Gaussian Noise. 
Nelson M. Blachman. Jnfo. & Control, 
Sept., 1957, pp. 56-63. 10 refs. Army 
sponsored study in which the often mis- 
takenly omitted constant term in the 
Fourier-series representation of a station- 
ary Gaussian noise is shown to represent 
the range of frequencies from zero to half 
the fundamental frequency of the series 

Weighted Quadratic Norms and Ultra- 
spherical Polynomials. II. I. I. Hirsch- 
man Washington U. (St. Louis), Dept 
Math. Rep. (AFOSR TN 57-350) [AD 
132423], 1957. 24 pp. 

Weighted Quadratic Norms and Ultra- 
spherical Polynomials, I. R. Askey and 
I. I. Hirschman. Washington U. (St. 
Louis), Dept. Math. Rep. (AFOSR TN 
57-349) [AD 132422], 1957. 24 pp. 11 
refs, 

A Problem of Richard Bellman. Tomlin- 
son Fort. So. Car. U. TR, Aug., 1957. 5 
pp. ARDC-supported presentation of 
two theorems (with an outline of the proof 
of one of the theorems) arising from con 
sideration of a Sturm-Liouville problem 
Analysis makes use of the method of dif 
ferences. 

Approximation to Plane Convex Curves 
I—Dowker-Type Theorems. H. G. Eg 
gleston. London Math. Soc. Proc., 3rd 
Ser., July, 1957, pp. 351-377. 

Vector Bundles Over an Elliptic Curve. 
M. F. Atiyah. London Math. Soc. Proc., 
3rd Ser., July, 1957, pp. 414-452 10 
refs. Investigation and classification of 
algebraic vector bundles over an elliptic 
curve (defined over an algebraically closed 
field &), and examination of the operation 
of the tensor product. Brief applications 
are given for the results. 

On Differences of Fractional Order. B 
Kuttner. London Math. Soc. Proc., 3rd 
Ser., July, 1957, pp. 451-466 

Generators of Linear Algebras. E. M. 
Patterson. London Math. Soc. Proc., 3rd 
Ser., July, 1957, pp. 467-480. Considera 
tion of a type of structure of a Lie algebra 
analyzed previously by Knebelman 

Asupra unei noi Clase de Polinoame, 
Interesind Unele Ecuatii cu ‘‘Derivate 
Totale.’’ D. Mangeron. Jai Polyteh 
Inst., Bul., Fase. 1-2, 1956, pp. 21-27. 10 
refs. In Rumanian. Analysis of a new 
class of polynomials related to equations 
with “‘total derivatives.” 

Testing of Hypotheses on a Multrivari- 
ate Population, Some of the Variates 
Being Continuous and the Rest Cate- 
gorical. M.D. Moustafa. N.C. U. Inst 
Statistics, MS 179, July, 1957. 26 pp. 10 
refs. OSR-supported research 

Tests on Multiple Independence and the 
Associated Confidence Bounds. S. N 
Roy and R. E. Bargmann. N.C. U. Inst 
Statistics, MS 175 (AFOSR TN 57-380 
[A D 132455], June, 1957. 23 pp. 

O Kompositsii Veroiatnostnykh Zako- 
nov Gaussa i Puassona. Iu. V. Linnik 
AN SSSR Dokl., May 1, 1957, pp. 21-24 
In Russian. Analysis of the composition 
of Gauss and Poisson probability laws. 

O Reshenii Uravneniia Kolebaniia na 
Vsei Osi Vremen. S. N. Levina. AA 
SSSR Dokl., May 1, 1957, pp. 18-20. In 
Russian. Derivation of a solution of the 
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oscillation equation over the entire time 
axis. 

Reshenie Smeshannoi Zadachi Meto- 
dom Fur’e dlia Odnogo Integro-Differen- 
tsial’nogo Uravneniia. Iu. F. Korobeinik. 
AN SSSR Dokl., May 1, 1957, pp. 14-17. 
In Russian. Application of the Fourier 
method for a certain integro-differential 
equation to the solution of a mixed 
problem. 

Ustoichivost’ Reshenii Periodicheskikh 
Sistem Uravnenii v Polnykh Differen- 
tsialakh. V.G. Egorov. AN SSSR Dokl., 
May 1, 1957, pp. 11-13. In Russian. 
Analysis of the stability of solutions of 
periodic total differential-equation sys- 
tems. 

Some Remarks on Classical Lie Alge- 
bras. George B. Seligman. J. Math. & 
Mech., July, 1957, pp. 549-558. 

Lie Algebras of Classical Type. W. H. 
Mills and G. B. Seligman. J. Math. © 
Mech., July, 1957, pp. 519-548. 11 refs. 
Presentation of a unified technique for 
classifying those semi-simple Lie algebras 
to which the methods of Killing and Car- 
tan are applicable. 

Classical Type Lie Algebras of Charac- 
teristic 5 and 7. W.H. Mills. J. Math. & 
Mech., July, 1957, pp. 559-566. 

Calculation of Scattering from a Com- 
plex Square Well by a Variational Method. 
J. Sokoloff and M. Hamermesh. Ann. 
Phys., No. 2, Aug., 1957, pp. 157-165. 
Calculation phase shifts using the single 
variational method. The phase shifts for 
all angular momenta can be obtained in 
closed form convenient for computation. 

On the Zeros of the Derivatives of Some 
Entire Functions. Robert M. McLeod. 
Duke U., Dept. Math. (AFOSR TN 57- 
353) [AD 132426], June, 1957. 25 pp. 10 
refs. Extension of Polya’s work determin- 
ing a set of points for a function (f) having 
a finite set of zeros to the case of a function 
without any restriction on the set of zeros 
for f. 

On Exterior Derivatives and Solutions 
of Ordinary Differential Equations. Philip 
Hartman. Johns Hopkins U., Dept. 
Math. TR 6 (AFOSR TN 57-344) [AD 
132417], July, 1957. 14 pp. Application 
of previously proved theorems to local 
uniqueness of geodesics, and introduction 
of geodesic (parallel or polar) coordinates 
for binary Riemannian metrics. The re- 
sults are extended from 2 to m dimensions 
and from geodesics to solutions of more 
general Euler-Lagrange system. 

An Open Formula for the Numerical 
Integration of First Order Differential 
Equations. Herbert S. Wilf.  Aath. 
Tables & Aids to Comp., July, 1957, pp 
201-203 

On a Theorem of Frobenius. Philip 
Hartman. Johns Hopkins U., Dept. 
Math. TR 4 (AFOSR TN 57-66) {AD 
120408|, Feb., 1957. 17 pp. Presentation 
of several theorems concerning local 
uniqueness and smoothness of solutions 
for svstems of ordinary nonlinear differen- 
tial equations. These are used to prove a 
theorem of Frobenius under relaxed con- 
ditions of differentiability. 

Principal Solutions of Non-Oscillatory 
Self-Adjoint Linear Differential Sys- 
tems. William T. Reid. Northwestern U., 
Math. Div., TR 1 (AFOSR TN 57-465) 
[A D 136456], Aug., 1957. 28 pp. 16 refs. 
Presentation of a definition for a principal 
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solution of a self-adjoint vector differen- 
tial equation which is nonoscillatory for 
large values of the independant variable. 

Linear Difference and Differential Equa- 
tions Satisfying Conditions at More than 
One Point. Tomlinson Fort. So. Car. U. 
TR (AFOSR 57-307) [AD 132378], June, 
1957. 9 pp. Presentation of sufficient 
conditions on the coefficients for a solution 
of a system of linear equations consisting 
of a set of functions, some of which take 
on prescribed values at one point and 
others of which have different values at 
other points. 

Non-Tangential Limits of Subharmonic 
Functions. Elmer Tolsted. London Math. 
Soc. Proc., 3rd Ser., July, 1957, pp. 321- 
333. Analysis to show that certain aver- 
ages of subharmonic functions over small 
circles do have a nontangential limit and 
that, by strengthening certain conditions, 
a nontangential limit can be insured for 
the subharmonic function itself. 

Construction and Application of a Class 
of Modular Functions. Morris Newman. 
London Math. Soc. Proc., 3rd Ser., July, 
1957, pp. 334-350. Includes detailed 
study of the constructed functions for 
square-free n, with special attention given 
to n—the product of two distinct primes. 

Triangular Matrices for Adjustment of 
Triangular Networks. Arne Bjerhammar. 
Acta Polytechnica, No. 2 (105), 1956. 81 
pp. Presentation of the reciprocal and 
nonreciprocal methods, and cor- 
responding order of calculation. 

On the Asymptotic Distribution of the 
Likelihood Ratio in Some Problems on 
Mixed Variate Populations. J. Ogawa, 
M. D. Moustafa, and S. N. Roy. N.C. U. 
Inst. Statistics, MS 180 (AFOSR TN 57- 
498) [AD 136488], Aug., 1957. 36 pp. 
Proof that Doob’s assumptions have an 
asymptotic X? distribution, and presenta- 
tion of a theorem which guarantees the 
consistency and the uniqueness of the solu- 
tion of the maximum likelihood estimate 


Mechanics 


Measurement of the Moment of Inertia 
of Missile-type Bodies. A. B. Schwartz, 


S. Malick, and J. R. Friesen. Aircraft 
Eng., Sept., 1957, pp. 271-274. Descrip- 


tion of a bifilar torsion pendulum used to 
determine the moment of inertia of a body 
experimentally. 


Meteorology 


Hemispheric Numerical Forecasting 
with the Barotropic Model, and Some Re- 
marks on Boundary-Condition Error. W. 
Lawrence Gates. J. Meteorology, Aug., 
1957, pp. 3382-342. 11 refs. Summary of 
results for a selected 10-day series of pre- 
dictions obtained over the northern 
hemisphere by conventional numerical 
methods with the barotropic model. 

Effects of the Scale of Spatial Averaging 
on the Kinetic Energies of Small-Scale 
Turbulent Motion. Warren A. Dryden. 
J. Meteorology, Aug., 1957, pp. 287-292. 
USAF-sponsored study of the variations 
in the mean-motion kinetic energy and 
eddy kinetic energy with scale of averag- 
ing. 

Airplane Measurements of Atmospheric 
Turbulence for Altitudes Between 20,000 
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and 55,000 Feet Over the Western Part of 
the United States. Thomas L. Coleman 
and Emilie C. Coe. U.S., NACA RM 
L57G02, Aug. 23, 1957. 16 pp. 

A Graphically Integrable Prediction 
Model Incorporating Orographic Influ- 
ences. Mariano A. Estoque. J. Meteor- 
ology, Aug., 1957, pp. 293-296. USAF-sup- 
ported analysis to incorporate the effect of 
a sloping terrain in a two-level model. The 
resulting prediction equations may be in- 
terpreted by graphical techniques. 


Military Aviation & Armament 


Dropping of Apparatus Sea Rescue Type 
“A” Mk. 2 (Lindholme) from the En- 
trance Doors of Hastings and Valetta 
Aircraft by Manual Despatch. Gi. Brit., 
AAEE Rep. Tech/139/P., Mar. 29, 1957. 
6 pp. 

Fireflash—Fairey’s Air-To-Air Guided 
Weapon Described and Illustrated in De- 
tail. Flight, Aug. 16, 1957, pp. 223-226. 
(Also in The Aeroplane, Aug. 16, 1957, pp. 
218-221.) 

Background to Britain’s Guided Weap- 
ons. J. R. Cownie. The Aeroplane, Aug. 
30, 1957, pp. 275-278. Discussion of the 
development programs which led to the 
present family of AAM and GAM guided 
weapons. 

Weapon System Management and the 
B-58 ‘‘Hustler.’? August C. Esenwein. 
Sperryscope, 3rd Quart., 1957, pp. 6-9. 

The de Havilland Firestreak. de Havil- 
land Gazette, Aug., 1957, pp. 186, 187. 
Developmental history of AAM, using in- 
frared homing. 

Air-to-Air Rockets. Frederick I. Ord- 
way, III, and Ronald C. Wakeford. 
Ordnance, Sept.-Oct., 1957, pp. 2389-248. 
Review of missiles that are operational, 
with a brief description of each. 

Defensive Homing Missile. 7he Engr., 
Aug. 30, 1957, pp. 295, 296. Description 
of the Bristol Bloodhound AAM, propelled 
by a Thor ram-jet and rocket boosters, and 
containing a semi-active homing system. 

Around the Requirement in Thirty 
Minutes. D. J. Welsh. (JAS Natl. 
Summer Meeting, Los Angeles, June 17-20, 
1957, Preprint 747.) Aero. Eng. Rev., 
Nov., 1957, pp. 54-57, 68. 

Toss Bomb Computer Guides A-Bomb 
Attack. Victor DeBiasi. Av. Age, Aug., 
1957, pp. 56-61 ff. Description of a com- 
puter which permits an attacking aircraft 
to get away before the bomb is dropped 


Missiles 


British Guided Missiles. James Hay 
Stevens. Aeronautics, Sept., 1957, pp. 60 
65. Survey which includes a drawing of 
British AAM and GAM, and a discussion 
of guidance and launching procedures. 

Creating the IRBM. Joseph C. Moquin. 
Ordnance, Sept.-Oct., 1957, pp. 249-252. 
Discussion of the organization and the 
operations of the Army Ballistic Missile 
Agency. 

Compact Accessory Power, Needed for 
Missiles. Leo R. Bell. Av. Age., Sept., 
1957, pp. 80-41. Discussion advocating 
APU (accessory power unit) design in ac- 
cessory power systems to meet the re- 
quirements of low weight, small size, and 
packaging flexibility. 
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Guided Missiles Call for Airborne 
Auxiliary Power. D. G. Burdick, P. I 
Wood, and J. S. D’Abusco. (ASME 
Semi-Annual Meeting, San _ Francisco, 
June 9-13, 1957, Paper 57-A-35.) Mech. 
Eng., Aug., 1957, pp. 733-737. Discussion 
of self-contained liquid-propellant and 
solid propellant auxiliary power which in- 
cludes applications, requirements, and a 
description of typical systems. 

Application of Inertial Guidance Prin- 
ciples. Walter Wrigley, Roger B. Wood- 
bury, and John Hovorka. (JAS 25th An- 
nual Meeting, New York, Jan. 28-31, 
1957, SMF Fund Paper FF-16.) Auto. 
Control, July, 1957, pp. 22-24. 


Navigation 


Aids to Inertial Navigation. Frederick 
Stevens and Frank W. Lynch. (JAS 
Natl. Summer Meeting, Los Angeles, June 
17-20, 1957, Preprint 737.) Aero. Eng 
Rev., Nov., 1957, pp. 438-47. 


Electronic Aids 


Doppler Navigators Use Many Tech- 
niques James Holahan. Av. Age, Sept., 
1957, pp. 109-115 ff. Discussion of seven 
types of doppler systems in use or in de- 
velopment. Difference is dependent 
mainly on type of modulation and co- 
herence. 

‘“Pin-Point’’ Navigator. Ryan Re- 
porter, Aug. 16, 1957, pp. 16-19. Descrip- 
tion of the APN/67 automatic navigator. 

Principles of Inertial Navigation Sys- 
tems. O'Donnell. Electronics, 
Sept., 1957, pp. 30-33. Basic discussion 
covering the effect of earth rate, the origins 
and relationships of errors, and other con- 
siderations affecting the design of a sys- 
tem. 


Traffic Control 


An Operating Concept for ATC Solu- 
tions. S. P. Saint. Air Line Pilot, Sept., 
1957, pp. 2-6, 20-23. Presentation of 12 
requirements for a successful air traffic 
control system, and suggestions for meet- 
ing them. 

An Automatic Air Traffic Controller. 
Airports & Air Transp., July-Aug., 1957, 
pp. 64, 65. Description of an automatic 
aid for storing, sorting, and controlling all 
types of air traffic. The equipment is 
called SATCO and is manufactured by 
Hollandse Signalapparaten. 


Nuclear Energy 


Design of a High-Intensity Gamma Ir- 
radiation Facility. Appendix I-—Con- 
struction Drawings. Marvin C. Atkins. 
USAF WADC TR 56-452 [AD 110542}, 
Dec., 1956. 19 pp. Description of a 
gamma irradiation facility capable of 
handling 100,000 curies of cobalt-60. The 
radioactive source would be stored in a 
water well located in a 12- by 12-ft. irradia- 
tion room. 

Composite Designs Look Best for Air- 
borne Nuclear Shielding. Lee A. Ohlinger. 

Age, Sept., 1957, pp. 26-29. 

Effects of Nuclear Radiation on Elec- 
tronic Components. R. D. Shelton. Elec. 
Mfg., Sept., 1957, pp. 76-81. 11 refs. 
Experimental investigation on electronic 


components operated and tested in gamma 
and neutron fields. Components tested 
include insulated wires, resistors, capaci- 
tors, electron tubes, semiconductor diodes, 
and printed circuit boards. 

Radiation Effects and Electronic De- 
vices. Henry H. Hausner and C. F. 
Johnson. Mil. Electronics, Sept., 1957, 
pp. 34-387 


Parachutes 


Upravlenie Shchelevym Parashiutom. 
P. Storchienko. <Kryl'ia Rodiny, Apr., 
1957, pp. 16-18. In Russian. Description 
of slotted parachutes and discussion of 
means of controlling them 


Physics 


The Form of Magnetic Sector Fields, 
Taking the Stray Field into Account. (Z. 
Naturwissenschaft, No. 10 A, 1955, pp. 
877-886.) Gt. Brit., MOS TIL/T4767, 
Apr., 1957 18 refs. Derivation 
of valid closed expressions for the disper- 
sion and the gap error for rays which run 
in the control plane, and in which the 
effect of the stray field is fully taken into 
account. 

Das Spektralgebiet zwischen dem lang- 
welligen Ultrarot und den Mikrowellen; 
Stand der Technik und Entwicklungs- 
tendenzen. M. Vogel. DVL Bericht No. 
29, June, 1957. 55 pp. 201 refs. West- 
deutscher Verlag, Kéln & Opladen. In 
German. Review of the developments 
pertaining to the electromagnetic spectrum 
between 5 and 0.05 wavelengths. 

Conductibilité Electrique aux Trés 
Basses Températures des Métaux de Trés 
Hauie Pureté et Application aux Phéno- 
ménes de Recristallisation. Michel Caron. 
France, Min. del’Air PST 328, 1957. 
56 pp. SDIT, 2, Av. Porte-d’Issy, Paris 
15, Frs. 1,100. In French. Study of 
electric conductivity in high-purity metals 
at very low temperatures and application 
to recrystallization phenomena. 

Etude de Quelques Problémes sur les 
Ondes Liquides de Gravité. Georges 
Brillouet. France, Min. del’ Air PST 329, 
1957 145 pp SDT, 2. 
Porte-d’Issy, Paris 15, Frs. 1,700 In 
French. Study of some problems of liquid 
gravity waves 

The Collision of Two Ionized Streams. 
F. D. Kahn. J. Fluid Mech., Aug., 1957, 
pp. 601-€15. Derivation of the condition 
under which an oscillation of a particular 
wavelength may be amplified. Considera 
tion is given to the amplification of the 
oscillations present in the two streams be- 
fore they have collided 

The Velocity of Sound in Metals at 
High Temperatures. J. F. W. Bell. 
Philos. Mag., 8th Ser., Sept., 1957, pp 
1,113—1,120 Development of a_ pulse 
method for measuring velocity of sound 
in thin rods over a wide temperature range. 
The results of measurements on various 
metals show that, in the strain-free con- 
dition, the method is a sensitive indication 
of physical and structural changes 

A New Type of Double-Refracting Fil- 
ter. (Csechos/. J Phys , No. 1, 1954, pp 
53-66.) Gt. Brit. MOS TIL/T4735, 
June, 1957. 10 pp. Description of a new 
type of double-refracting light filter using 


16 pp 


13 refs. 


birefringent plates of relatively small size 
but equal thickness, and two polaroids 

An Experimental Investigation of 
Spherical Detonation of Gases. Ia. B 
Zel'dovich, S. M. Kogarko, and N. N, 
Simonov. Sov. Phys. - Tech. Phys., No. 8, 
1957, pp. 1,689-1,713. 12 refs. Transla- 
tion. Theoretical and experimental results 
with discussion of testing equipment and 
applications. 


Power Plants 


Great Britain’s Aero-Engines. A ero- 
nautics, Sept., 1957, pp. 102-104. Survey 
presenting drawings, performance charac- 
teristics, and a brief developmental his- 
tory of each power plant. 


Jet & Turbine 


Método Adimensional para el CAalculo de 
las Performances de los Aviones a Re- 
accién. Rudolf Ludwig Ing. Aero., 
Jan.-Feb., 1957, pp. 31-42. In Spanish. 
Development of an adimensional method 
for calculating jet aircraft performances. 

An Aerodynamic Screen for Jet Engines. 
Harold Klein. (JAS 25th Annual Meeting, 
New York, Jan. 28-31, 1957, Preprint 676.) 
Aero. Eng. Rev., Nov., 1957, pp. 48-43 
Experimental investigation resulting in the 
development of a downward-directed jet to 
prevent the formation of the vortex re- 
sponsible for jet ingestion of materials 
from airport runways. 

Escher Wyss Closed Cycle Aircraft 


Powerplant Study. I. R. D. Buhler 
(Escher Wyss Reps. Sp-Ak-56-027, Sp- 
AK-56-029, Sp-AK-56-030, Sp-AK-56- 


025, July, 1956.) Propulsion Res. Corp. 
Rep. R-258 (AFOSR TR 57-36) [AD 
126569|, May 8, 1957. 60 pp. Abridged 

Engine-Mounted Accessories. J. D 
Delano. (SAE Natl. Aero. Meeting, New 
York, Apr. 2-5, 1957, Preprint 109.) SAE 
J., Sept., 1957, pp. 26, 27. Abridged 
Discussion of advantages in locating en- 
gine accessories away from the engine it- 
self 

Escher Wyss Closed Cycle Aircraft 
Powerplant Study. II. R. D. Buhler. 
eae Res. Corp. Rep. R-259(AFOSR 
TR 57-37) [AD 12670], May 10, 1957. 
13 pp. Summary and evaluation of part 
of a study (still in progress when the report 
was written) on closed-cycle, turbine 
ducted, fan power plants suitable for a 
gas-cooled reactor heat source. The reac- 
tor/gas-turbine loop envisioned would use 
helium at a turbine inlet condition of 70 
atmospheres and 1,800°F. 

Why TCA Picked the Conway for Its 
DC-8s. William G. Osmun Av. Age, 
Aug., 1957, pp. 192-197 ff 

Die Napier Gazelle, ein neues Hub- 
schrauber-Triebwerk. E. Willm 
muehlen. Flugwelt, Sept., 1957, pp. 649 
652. In German. Design and descrip 
tion of the Napier Gazelle helicopter power 
plant. 

Scale Effect in a Gas Turbine Combus- 
tion Chamber Fitted with a Swirl Atomizer. 
I. Appendix I, II—Notes on Scale Fac- 
tors Stability. Appendix II[—-Calibration 
of Scaled Atomizers. M. V. Herbert and 
J. A. Bamford. Comb. & Flame, Sept., 
1957, pp. 360-378. 15 refs. Examina 
tion of the scale test conditions required to 
obtain agreement in performance between 
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Waldes Truarc Rings speed assembly, facilitate maintenance, 
improve performance of new automatic calculator 


THE New MARCHANT DECIe MAGIC 


avutomatic-decimals calculator made by Marchant Calcu- 
lators, Inc., Oakland, California. 


CRESCENT RING SPEEDS 
ASSEMBLY, DISASSEMBLY 
Main clutch utilizes radially- 
installed series 5103 crescent 
ring for rapid assembly and 
disassembly. Ring’s low pro- 
truding shoulder provides nec- 
essary clearance between ring 
and the two studs. The main 
clutch operates each time a 
Deci-Magic control key is 
depressed. 


LOCKING PRONG RINGS PERMIT SIMPLE DESIGN. Shift slide assem- 


bly uses two Truarc series 5139 bowed locking prong rings to lock the parts 


E-RING SECURES PARTS AGAINST SPRING 


THRUST. Slip clutch assembly uses Truarc series 5133 
E-ring to hold parts on shaft. Functioning of the assem- 
bly is dependent upon the ring’s ability to withstand 
thrust exerted by the heavy barrel spring. 


Whatever you make, there’s a Waldes Truarc Ring de- 
signed to save you material, machining and labor costs, 
and to improve the functioning of your product. 


In Truarc, you get 


Complete Selection: 36 functionally different types. 
As many as 97 standard sizes within a ring type. 5 metal 
specifications and 14 different finishes. All types avail- 
able quickly from leading OEM distributors in 90 stock- 
ing points throughout the U.S. and Canada. 


Controlled Quality from engineering and raw mate- 


WALDES 


WALDES KOHINOOR, INC. 


| 47-16 AUSTEL PLACE, L.1.C. 1, N.Y. 


RETAINING RINGS 


together in a sliding fit. Precise amount of spring tension prevents objection- 
able wobble and noise, permits the key to slide smoothly in operation. Easy 
radial assembly and disassembly of rings facilitates field maintenance and 
repair. Alternative construction would have required cut washer, spring 
washer and hairpin-type spring clip on each stud. 


rials through to the finished product. Every step in manufac- 
ture watched and checked in Waldes’ own modern plant. 


Field Engineering Service: More than 30 engineer- 
ing-minded factory representatives and 700 field men 
are at your call. 


Design and Engineering Service not only helps you 
select the proper type of ring for your purpose, but also 
helps you use it most efficiently. Send us your blueprints 
today...let our Truarc engineers help you solve design, 
assembly and production problems...without obligation. 


| Waldes Kohinoor, Inc., 47-16 Austel Place, L.1.C. 1, N.Y. 
| Please send new, descriptive catalog showing all 
l types of Truarc rings and representative case his- 
l tory applications. 


(Please print) 
Name 

Title 

Company 


Business Address 
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geometrically similar spray combustion 
chambers, with special reference to fuel- 
atomization criteria. 

Determination of Surge and Stall Limits 
of an Axial-Flow Turbojet Engine for Con- 
trol Applications. Ross D. Schmidt, 
George Vasu, and Edward W. McGraw 
U.S:, NACA TN 3585, Sept., 1957. 29 
pp. Analysis of oscillograph traces, ob- 
tained when the engine is operated off 
steady state by introducing either a step 
increase or a ramp increase in fuel flow. 

Progress of General Electric’s T58 Air- 
craft Gas Turbine. E. E. Burritt, Jr. 
AHS Newsletter, Sept., 1957, pp. 2-7. 
Discussion of the T-58 development pro- 
gram, and some results of flying test in- 
stallations in H-21 and S-58 helicopters. 

Iroquois; Orenda Engines’ Great 
Supersonic Turbojet. Flight, Sept. 4, 
1957, pp. 412, 418. Description of the 
Canadian-designed, two-spool turbojet 
with a thrust of 22,000 Ibs. 

The Gyron. de Havilland Gazette, Aug., 
1957, pp. 151-156, 158, 185, cutaway 
drawing. Developmental history, design 
characteristics, and systems operation of a 
de Havilland turbojet capable of develop- 
ing 20,000 Ibs. of thrust without reheat. 

“Orpheus Maturity. Bristol Quart., Sum- 
mer, 1957, pp. 131-1384. Developmenta 
history of the Bristol light-weight jet en- 
gine capable of delivering 4,850 Ibs. of 
thrust in its most advanced form for a 
weight of 810 Ibs. 

Large Turbojet Engines Will Beat Out 
Small Ones for Large Aircraft. C. A 
Grinyer. (SAE Natl. Aero. Meeting, New 
York, Apr. 2-5, 1957, Preprint 81.) SAE 
J., Sept., 1957, pp. 25, 26. Abridged. 
Discussion of performance characteristics 
and requirements of turbojets, with par- 
ticular regard to operation at high Mach 
Numbers. The advantages and disad- 
vantages of the by-pass engine and small 
turbojet in relation to the large straight 
jet engine of 18,000-lb. thrust are ex- 
amined. 

The Supercharged Turboprop. Bristol 
Quart., Summer, 1957, pp. 121-125. Com- 
parison of the pure jet, ducted fan, normal 
turboprop, and supercharged turboprop. 
Criteria taken for evaluation, all within 
tropopause, are the following: (a) the 
cruising specific fuel consumption, (b) the 
installed specific weight per net cruising 
thrust, (c) the ratio of take-off thrust to 
net cruising thrust, and (d) relative operat 
ing costs for 2,000 and 4,000 mile ranges. 

Puskovye Sistemy Zazhiganiia. A 
Musienko. Grashdanskaia Aviatsiia, Aug., 
1957, pp. 32-34. In Russian. Descrip- 
tion of the development of ignition 
and their application to helicopter and 
turbojet power plants. 

Ignition Systems Must Keep up with 
Engine Performance. Kurt R. Stehling. 
Av. Age, Sept., 1957, pp. 56-61 ff. Dis- 
cussion of the need for more reliable high- 
energy electric ignition systems for large 
turbojets operating at higher pressure 
ratios and altitudes. 

The Vibrations of Laced Turbine Blades. 
J. P. Ellington and H. MecCallion. RAeS 
J., Aug., 1957, pp. 563-567. Derivation 
of frequency equations of fairly simple 
form for the modes of vibration of turbine 
blades laced at their tips. 
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Ram-Jet & Pulse-Jet 


Ramjets Come to Fore as Component 
Design Improves. F. R. Garbarine. A: 
Age, Aug., 1957, pp. 66-71 ff. 


Rocket 


Notes on Problems in Combustion In- 
stability of Rocket Motors. T. Paul 
Torda. Aero. Eng. Rev., Nov., 1957, pp 
34-37, 47. USAF-supported discussion of 
the physico-chemical phenomena of the 
rocket chamber, and of analytical and ex- 
perimental approaches to the problems 
they present. Includes an outline of a 
theoretical investigation into the connec- 
tion between chemical kinetics and aero- 
thermodynamic processes in such a cham- 
ber. 

Heat Transfer Research Holds Key to 
Better Rocket Cooling. Kurt R. Stehling 
Av. Age, Aug., 1957, pp. 36-43 ff. 

Genesis of the Spectre. Zhe Aeroplane, 
Aug. 23, 1957, pp. 248, 249. (Also in 
Flight, Aug. 23, 1957, p. 245.) Discussion 
of design characteristics, the principle of 
operation, performance, and possible ap- 
plications of a de Havilland bipropellant 
rocket engine. 

A Mechanical Igniter for Liquid Rocket 
Engines. Kurt R. Stehling and Joseph 
L. Freeland. Jet Propulsion, Aug., 1957, 
pp. 896, 897. Description of an igniter 
based on the flint-spark principle. 

Propulsion Systems Evaluation. 
George P. Sutton Vissiles & Rockets, 
Sept., 1957, pp. 123-126. Comparison 
of liquid-propellant, nuclear-energy, free 
radical, solar-heating, and ion rocket pro 
pulsion systems 

Liquid Rocket Engine Control. Rudolf 
H. Reichel Missiles & Rockets, Sept., 
1957, pp. 101-106. Discussion of the 
principle of rocket control, and methods 
for automatic control of mixture ratio and 
thrust. Also discussed is combustion 
stability with such automatic control 

Out ofThis World. R.H. Hintz. CEC 
Recordings, Sept.-Oct., 1957, pp. 13-15 
Brief discussion of solid fuel testing, and 
the type of instrumentation used. 


Production 


Le Procédé O.N.E.R.A. de Recuit de 
Surface (Skin Annealing) en Milieu Ga- 
zeux. Application au Recuit Brillant des 
Aciers et Alliages Réfractaires. Ph 
Galmiche. La Recherche Aéronautique, 
July-Aug., 1957, pp. 27-82. In French 
Presentation of the ONERA technique for 
skin annealing in a gaseous medium and 
discussion of the application to bright an 
nealing of steels and refractory alloys 

Rocket Motors Don’t Have to be Ex- 
pensive. R. S. Dobyns and J. A. Me 
Bride. (ARS Semi-Annual Meeting, San 
Francisco, June 10-13, 1957.) Astronau 
tics, Sept., 1957, pp. 42-44, 78, 79 
Discussion of production and control 


techniques to cut costs during manufacture 
of solid propellant M-15 JATO 

Fi Ingeniero Aeronautico en la Inspec- 
cic . de Construccion de Material Aero- 
nautico. Enrique Cardenas Rodrigues 
Ing. Aero., Mar.-Apr., 1957, pp. 15-28 
In Spanish. Survey of inspection methods 
covering raw materials, construction, in- 
stallation, and tests including flight tests 
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Quality Control Techniques in Honey- 
comb Core Production. R. D. Johnston, 
SAMPE Conf., Los Angeles, Jan. 31 
Feb. 2, 1957, Paper 23. 6 pp. Descrip- 
tion of Hexcel production methods for 
aluminum and impregnated glass fabric 
honeycombs. 

Process Control and Production Prac- 
tices in Sandwich Production. E. H 
Hagberg. SAMPE Conf., Los Angeles 
Jan. 31-Feb. 2, 1957, Paper 22. 8 pp 
Discussion of material selection, cleaning, 
lay-ups, curing, control, and testing 


Metalworking 


Modern Methods of Aircraft Production. 
Paul Badré. (RAeS J., June, 1957, pp 
375-390.) Shell Av. News, July, 1957, 
pp. 8-10. 

Electronic Control Techniques in Air- 
craft Manufacture. G. S. Kermack and 
H. Ogden. RAeS J., Sept., 1957, pp 
609-618. Description of a system of ma- 
chine-tool control and of the system's 
development. The machine tool, itself, 
is discussed along with the techniques that 
make the control system’s accuracy pos- 
sible 

Metal-to-Metal Bonding and Flight 
Safety. Christian Thomas SA MPE 
Conf., Los Angeles, Jan. 31—Feb. 2, 1957, 
Paper 42. 9pp. Review of investigation 
to prove the structural integrity of metal 
bonding and a discussion of control and 
test methods for production reliability 

On the Multiple Hole Extrusion of 
Sheets of Equal Thickness. L.C. Dodeja 
and W. Johnson. J. Mech. & Phys. Solids, 
No. 4, 1957, pp. 267-280. Calculation of 
pressures and proposal of slip-line fields 
for extrusion through a square die con- 
taining one, two, or three orifices, when the 
container walls are perfectly smooth or 
rough 

The Cold Extrusion of Circular Rods 
Through Square Multiple Hole Dies. 
L. C. Dodeja and W. Johnson. J. Mech 
& Phys. Solids, No. 4, 1957, pp. 281-295 
11 refs. Experiments determining that 
the pressure necessary to cold-extrude 
pure lead, tellurium lead, pure tin and 
super-pure aluminum through 90°, dies 
containing up to four holes arranged in 
different patterns is predictable to a fair 
degree of accuracy. 

Stretch-Forming; Heavy Sheridan Unit 
for Producing Aerofoil Contours in Doug- 
las DC-8 Mainplane Panels. Aircraft 
Prod., Sept., 1957, pp. 364, 365 

Practical Heat Treatment for Titanium 
Alloys. P. D. Frost. Metal Treat., Aug., 
1957, pp. 307-312. 10 refs. Discussion 
covering embrittlement from beta insta 
bility, loss of ductility from overheating, 
heat treatments for forming alloy sheet, 
and contamination and distortion during 
heat treatment 

Machining and Welding Titanium. I 
Machining. L. B. Gray. Aeronau 
tics, Aug., 1957, pp. 18, 19. Discussion in 
connection with the development of Oren 
da’s new supersonic turbojet, the Iro 
quois 

Precision Profiling. Aircraft Prod, 
Sept., 1957, pp. 338-348. Description of 
multistage operations for the production of 
a shell-type part having internal and ex 
ternal profiling to an average tolerance of 
+ 0.002 in 
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From Water Level To Stratosphere... 


Pittsburg 
FABSEAL 


Makes Flying Safer... 
More Efficient! 


Millions of flying hours prove the 
dependable performance of these impregnated 
fabric tapes in civilian and military use! 


@ Many of America’s leading 
builders of aircraft use Pitts- 
burgh’s FABSEAL Tapes with 
complete confidence in their 
outstanding quality to seal flying 
boats, pressurized cabins and 
for other applications where 
there is considerable racking 
movement. 


@ FABSEAL Tapes are im- 
pregnated fabric of uniform 
density, resistant to water, 
gasoline and oil. They are avail- 
able in .015” thickness and in 
widths from 2” to 12”, pack- 
ages in rolls of 50 feet. 


@ These tapes are particularly 
designed for use in fluid or air 
containers where excessive 
pressures are experienced. 
They are also adapted for seal- 
ing structural members where 
flexibility and vibration present 
unusual requirements. FAB- 
SEAL Tapes can also be bolted, 
riveted or screwed between 
metal, wood or fiber members 
to provide a fillet that assures 
a complete seal. 


@ Call on us for advisory serv- 
ice. Our wide experience in the 
aircraft field often can save you 
time and money. 


PITTSBURGH PLATE GLASS CO., Industrial Paint_Div., 


Pittsburgh, Pa. Factories: Milwaukee, Wis.; Newark, N. J.; 
Springdale, Pa.; Houston, Texas, Los Angeles, Calif.; Portland 
Ditler Color Div., Detroit, Michigan. The Thresher Paint 


Ore. 


& Varnish Co., Dayton, Ohio. Forbes Finishes Division, Cleveland, 
Ohio. M. B. Suydam Div., Pittsburgh, Pa. 


PAINTS GLASS 


CHEMICALS 


PITTSBURGH PAINTS 


BRUSHES PLASTICS 


PITTSBURGH PLATE GLASS COMPANY 
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ANOTHER AN-ECK-OIC® WEDGE INSTALLATION 


. at Massachusetts Institute of Technology 


Anechoie Chamber in the Acousties Laboratory of Massachusetts  Insti- 


tute of Technology, Cambridge, Mass. The equipment shown is being 


used te study the influence of a high intensity sound field) on heat 


transfer. 


Anechoic Chambers are recognized as valuable facilities 
for analyzing noise sources in automotive and aircraft en- 
gines, components, auxiliary machines, electric and audio 
equipment. 

In many of the Anechoic Chambers in the United States, 
AN-ECK-OIC® Wedge units THE ECKEL 
CORPORATION provide the near sound ab- 
sorption. 


made by 
perfect 


Recent) Anechoic Chamber installations have been con- 
structed for General Electric Co., Pittsfield, Mass., The 


National Bureau of Standards, Washington, D. C. 


For the silencing of Engine Test Cells. Firing Ranges. 


noisy machines and equipment consider the use of 
ECKOUSTIC® Sound Control 


THE ECKEL CORPORATION. 


Panels product — of 


The Eckel Corporation Engineering and Installation or- 


ganization can be helpful to you in solving your sound 


laboratory problems. 


the Eckel Corporation 


155 Faweett Street 


Cambridge 38, Massachusetts 


AN-ECK-OIC® Wedges ECKOUSTIC® Panels 


oney- 
nston 
4 
| 
or 4 
ods 
ies. | 
| 
ude 
Init 
ig- 
m 
of 
ol ip. 


134 AERONAUTICAL ENGINEER 


Advantages and Limitations of Ultra- 
sonic Machining. E. A. Neppiras and 
R. D. Foskett. Mach. Des., Sept. 5, 1957, 
pp. 121-124. 


Nonmetalworking 


F’ Process Control Tests for Bonded 
Structures—Evaluation of. J. W. Wood- 
-house. SA MPE Conf., Los Angeles, Jan. 
31—Feb. 2,1957, Paper 21. 4pp.  Discus- 
sion of the need for better process-control 
methods for bonding. 

A Discussion of Metalbonding Controls. 
Harvey Hendriksen. SAMPE Conf., Los 
Angeles, Jan. 31-Feb. 2, 1957, Paper 24. 
3 pp. 


Tooling 


Eine Neue hydraulische Stahlrohr- und 
Profilpresse. Josef Legros. VDI Zeit- 
schrift, Sept. 1, 1957, pp. 1,221, 1,222. In 
German. Description of a hydraulic ex- 
trusion press. 

Epoxy-Resin Tooling; Applications and 
Methods of Manufacture. E. M. White. 
Aircraft Prod., Sept., 1957, pp. 356-363. 

Die Verson-Wheelon-Presse in der 
Flugzeugfertigung. Frank B. Lane. 
Luftfahrttechnik, July 15, 1957, pp. 153- 
158. In German. Description of the use 
of the Verson-Wheelon press in aircraft 
production. 

Tool Steels; Materials for Machine 
Tool Service. V. L. F. Spencer. Steel 
Processing & Conversion, Sept., 1957, pp. 
511-516, 527. Discussion of tool steels on 
the basis of their quenching medium. 
These include water hardened, oil hard- 
ened, and high speed steels—the latter a 
subgroup of the oil-hardened steels. 

How to Use Ceramics on Today’s Ma- 
chine Tools. M. C. Shaw, A. D. Hoch, 
and T. R. Reinhart. Tool Engr., Sept., 
1957, pp. 109-114. Discussion which in- 
cludes review of basic types of ceramics, 
comparative tests, cost considerations, and 
machine-tool limitations. 

Automated Boring Tool Speeds F-102 
Production. C.C. Pope. Av. Age, 1957, 
pp. 96-99 ff. 


Welding 


Recommendations for the Testing of 
Aluminium Fusion Welds and Welders. 
ADA Addendum to Info. Bul. 19, June, 
1957. 16 pp. 12 refs. 

The Brazing of Aluminium and its Alloys. 
ADA Info. Bul. 22, June, 1957. 36 pp. 
Description of the three main brazing 
processes: flame (or torch) brazing, fur- 
nace brazing, and flux-dip brazing. 


Reference Works 


Chemical Fragments as Ultra-Energy 
Propellants. W. H. Andersen and G. 
Moe. (AFOSR Abstracts Bul. 1.) Aero- 
jet Gen. Rep. 1284, July, 1957. 32 pp. 
Review of literature on ultra-high energy 
substances as potential propellants for 
rocket propulsion 


Rotating Wing Aircraft 


Vertolety s Soosnymi Vintami. \. 
Biriulin. Grashdanskaia Aviatsiia, July, 


1957, pp. 19-21. In Russian. Discus- 


NG REVIEW 


sion covering helicopters with coaxial 
rotors. 

Vertolet Mi-i i Upravlenie im. I—Pri- 
bory, Dvigatel’, Rulenie. I[—Vzlet i 
Visenie u Zemli. III -—-Nabor Vysoty. G. 
Tiniakov. Kryl’'ia Rodiny, Jan.; Mar.; 
May, 1957, pp. 16b-18; 17-20; 14-16. 
In Russian. Description of the design 
and operation of the Mi-1 helicopter, with 
details of take-off and in-flight operations. 


Vertol 44. AHS Newsletter, Aug., 1957, 
pp. 2-8. Description of a cargo and per- 


sonnel transport helicopter which is suit- 
able for airlines, charter operators, indus- 
tries, or military services. 

Rotodyne. Flight, Aug. 9, 1957, pp. 
191-197, cutaway drawing. Design, per- 
formance, and structural characteristics of 
the Fairey convertiplane. 

Helicopter Operations of the Port of 
New York Authority. Hervey F. Law. 
AHS J., July, 1957, pp. 15-18. Review 
of some of the details of the Port Author- 
ity’s five years of experience as an operator 
of helicopters for daily, tightly scheduled, 
business transportation 

Investigation of Helicopter Blade Flutter 
and Load Amplification Problems. Ham 
ilton Daughaday, Frank DuWaldt, and 
Charles Gates IAS 25th Annual Meet 
ing, New York, Jan. 28-31, 1957, Preprint 
705.) AHS J., July, 1957, pp. 27-45 

Military Helicopter Operations in Ma- 
laya. W.R. Williams. Helicopter Assn 
Gt. Brit. J., Aug., 1957, pp. 2837-250; Dis 


cussion, pp. 250-255. Discussion of such 


problems as positioning, refueling arrange 


ments, navigation, night flying, and size of ~ 


clearing. The roles of the light and me 
dium helicopter are presented for this 
type of warfare. These include casualty 
evacuation, light communication, crop 
destruction, reconnaissance, removal of 
prisoners or dead, and troop lifting 

Army Helicopters in Central and South 
America. Thomas J. Sabiston. (AHS 
3rd Annual Western Forum, Dallas, Oct. 9, 
1956.) AHS J., July, 1957, pp. 46-48 


Space Travel 


Landing a Rocket on the Moon. Acro 
nautics, Sept., 1957, pp. 128, 129. Ap 
plication of an analog to simulate a rocket 
falling vertically on the moon, and to test 
the performance of individuals making 
such a landing by manual control. 

Preludio al Vuelo Espacial Tripulado. 
Erik Bergaust Re Nac. May, 
1957, pp. 30-33. In Spanish. Discussion 
of the possibility of manned space ships 

Na Puti v Kosmos. V. Dobronravovy 
Kryl’ia_ Rodiny, June, 1957, pp. 20-22 
In Russian. Discussion of developments 
for the geophysical year and means of at 
taining future goals 

The ‘Clock Paradox’? and Space 
Travel. Edwin M. McMillan 
Aug. 30, 1957, pp. 381-384 

NBS Participation in the International 
Geophysical Year. Zech. News Bul., 
Sept., 1957, pp. 136-140. Discussion of 
the role of the National Bureau of Stand- 
ards in IGY. Some of the work in which 
the Bureau is participating includes studies 
of forward scatter, 
and airglow 

Designing a 
Satellite. 


Aero., 


Science, 


radio vise, whistles, 


Recoverable Scientific 
Carl Gazley, Jr., and David J 


DECEMBER, 


1957 


Masson. Av. Age, Aug., 1957, pp. 44-51 
ff. Discussion covering the decay of an 
eccentric orbit to a near-circular one, fron- 
tal loading effects on descent trajectory, 
atmospheric density and Cp effect on range 
error, and the probability of water impact 
with natural orbit decay. 


Structures 


On Formulae of Similarity Between 
Multiply-connected Slices and Slabs. 
Tsuyoshi Sekiya and Atsushi Saito. 
Japan Soc, Aero, Eng. J., Aug., 1957, pp. 
218-223. In Japanese. Extension of 
Mindlin’s results to the case of body forces 
with multivalued potential or no potential 
Formulas of similarity between the two- 
dimensional field of stress under the action 
of such body forces, boundary loading, 
thermal dilatations and dislocations, and 
transverse flexure of their plates are 
shown. 

Endurance Tests for the Determination 
of Fatigue Strength, and the Relation 
Between Structural Damping and Velocity 
of Deformation. Eugene Becker and Otto 
Féppl. (Forschung. Gebiete Ing., 
No. 304, 1928.) Gt. Brit., RAE Lib 
Transl. 627, Mar., 1957. 55 pp. 20 refs 
Measurement, by three different dynamic 
methods, of the structural damping of iron 
and copper at frequencies between 200 and 
2,600 per min., and comparison of the 
results with static-test data 

Summarized Proceedings of a Confer- 
ence on Stress Analysis—-Cranfield, Sep- 
tember 1956. H. Fessler. (Just. Phys 
RAeS Joint Conf., Cranfield, Sept. 19-21, 
1956.) Brit. J. Appl. Phys., Aug., 1957, 
pp. 307-314. 10 refs. Review of dis 
cussions covering kinetic heating, exten 
sometry and instrumentation, jet 
efflux and crack propagation 


Bars & Rods 


The State of Stress and Strain in Tubes 
Reinforced with Rings. Z. Olesiak 
Acad. Pol. Sci. Bul., No. 8, 1957, pp. 121 
127. 10 refs. Analysis of stresses oc 
curring when (a) the diameter of a ring is 
smaller than the outer diameter of the 
tube (a force fit), (b) the tube is subjected 
to internal pressure, or (c) the ring and 
tube are heated with the coefficient of 
thermal expansion of the tube being higher 
than that of the ring. 

The Torsion and Stretching of Spiral 
Rods. II. H. Okubo. Téhoku U., Rep 
Inst. High Speed Mech., Vol. 8, 1957, pp 
131-139. Analysis of a case in which the 
axis of a spiral rod does not pass the cen 
Treatment is 
similar to that used previously by Okubo 
for the case in which the axes do pass thx 
centroid of the cross section 


troid of the cross section 


Beams & Columns 


Die Stabilitétsberechnung abgesetzter 
Knickstaébe mit Hilfe der Laplace-Trans- 
formation und der Matrizenrechnung. 
Hans Wagner. VDI Zeitsckyift, Sept. 1, 
1957, pp. 1,251-1,256. 13 refs. In Ger 
man, Application of Laplace transforma 
tion and of matrix calculations to the cal 
culation of stepped buckled columns 
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for the toughest control applications 


AIRCRAFT BEARINGS 


YS-112, one of the many 
C.A.A.-approved Shafer 

Bearings used on the 

Bell Model 47). 


ical control points. 


Shafer Aircraft Bearings 
are used throughout the 
versatile Ranger at crit- 


135 


Newest of the famous Bell Model 47 family, the Ranger cruises with its four passenger load at more than 90 m.p.h. -_ 


wedi 


Toughest of all aircraft bearing applications is in 
the control system of rotary wing aircraft. 

Constant vibration, continually varying in- 
flight deflections of structural members, oscilla- 
tory loads, shock loads—all combine to call for 
the utmost in bearing performance. 

Shafer Bearings are specified by Bell engineers 
because they provide full capacity under all these 
conditions at all degrees of misalignment to plus 
or minus 10°. Regardless of size, Shafer Bear- 
ings deliver the performance and the greatest 
load capacity for envelope dimensions and 
weight—greater than any other self-aligning 
anti-friction bearings available today! 

Shafer rollers align themselves naturally, elim- 


j 


inating roller end wear and race surface scuffing 
—insuring unrestricted radial capacity under all 
conditions. 

All Shafer Aircraft Bearings provide for re- 
lubrication in service—without disassembly or 
removal from the aircraft structure—of special 
importance for long life in helicopter applica- 
tions. This original Shafer feature makes it prac- 
tical and easy to extend service life three to ten 
times that of bearings not relubricated. 

There is much more to a Shafer Bearing—and 
you’ll want the whole story. Write for Catalog 
54. CHAIN Belt Company, Shafer Bearing Divi- 
sion, 801 Burlington Ave., Downers Grove, Ill. 


) 
CHAIN! company 
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Cylinders & Shells 


On the Minimum Weight Design Prob- 
lem for Cylindrical Sandwich Shells. 
Walter F. Freiberger. J. Aero. Sci., Nov., 
1957, pp. 847, 848. Army-sponsored re- 
search, 

A Circular Cylinder Under the Action of 
a Concentrated Force and a Continuously 
Distributed Load over Part of the Periph- 
ery. F. Szelagowski. Acad. Pol. Sci. 
Bul., No. 3, 1957, pp. 139-144. Applica- 
tion of Poisson’s integral to obtain a solu- 
tion for the relevant stresses. 

Uprugo-Plasticheskoe Ravnovesie Polo- 
gikh Obolochek pri Malykh Deformatsi- 
iakh. I. S. Tsurkov. AN SSSR Otd. 
Tekh. Nauk Isv., June, 1957, pp. 139-142. 
In Russian. Discussion of the elasto- 
plastic equilibrium of shells in the case of 
small deformations. 


Elasticity & Plasticity 


Ob Usloviiakh Proportsional’nogo Iz- 
meneniia Deviatorov v Teorii Malykh 
Uprugo-Plasticheskikh Deformatsii. 
DD. Kliushnikov. AN SSSR Otd. Tekh. 
Nauk Isv., June, 1957, pp. 138, 139. In 
Russian. Determination of conditions of 
proportional deviator changes in the 
theory of small elastoplastic deformations. 

O Generalizare a Ecuatiei Fibrei Elas- 
tice a Barelor. N. Preda, Victor Bausic, 
Th. Silion, St. Voiculescu, and D. Hor- 
baniuc. Jasi Politeh. Inst. Bul., Fasc. 1-2, 
1955, pp. 461-466. In Rumanian, with 
summaries in German and Russian. Der- 
ivation of a general equation for bars un- 
der axial loads. 

K Zadache ob Uprugom Ravnovesii Tel 
Vrashcheniia. Kk. V. Solianik-Krassa. 
AN SSSR Dokl., May 1, 1957, pp. 49-52. 
In Russian. Study of the problem of 
elastic equilibrium of rotational bodies. 

Izgib Prizmaticheskogo Brusa, Osla- 
blennogo Krugovoi Polost’iu. Iu. A. 
Amenzade. AN SSSR Dokl., May 1, 
1957, pp. 37-40. In Russian. Study of 
the bending of a prismatic rod weakened 
by a circular cavity. 

O Pervoi Kraevoi Zadache Nelineinoi 
Teorii Uprugosti. S. G. Petrova. AN 
SSSR Dokl., May 1, 1957, pp. 41-44. 
In Russian. Discussion of the first bound- 
ary problem of the nonlinear theory of 
elasticity 

O Nekotorykh Summarnykh Kharak- 
teristikakh Napriazhennogo Sostoianiia 
pri Izgibe Prizmaticheskikh Sterzhnei. 
G. N. Polozhii. AN SSSR Dokil., May 1, 
1957, pp. 45-48. In Russian. Discussion 
of certain overall stressed-state character- 
istics when prismatic rods are subjected toa 
bending force. 

Einige Bemerkungen zu M. Hanin und 
M. Reiner: ‘On Isotropic Tensor-Func- 
tions and the Measure of Deformation.”’ 
Hanswalter Giesekus. ZAMP, July 25, 
1957, pp. 303-306. In German. Simpli- 
fied proof of the Hanin-Reiner formula for 
the Hencky measure of deformation. In- 
cludes calculation of the integrals of this 
formula. 


Plates 


Gebogene Kreisplatte mit linearen 
Stiitzen innerhalb der Platte. Z. Olesiak. 
Acad. Pol. Sci. Bul., No. 3, 1957, pp. 129 
134. 14 refs. In German. Study of the 


bending of a circular plate. 
are considered: (a) 


Three cases 
an entirely clamped 
plate, (b) a freely supported plate, and (c) 
a plate having one clamped edge and one 
freely supported edge 

Uber die Biegung des orthotropen Plat- 
tenstreifens durch Einzellasten. S. Woi- 
nowsky-Drieger. IJng. Arch., No. 2, 1957, 
pp. 90-99. In German. Study of bend- 
ing of orthotropic plate strips due to single 
loads. 

Noteon a Direct Method of Solving Prob- 
lems of Elastic Plates with Circular 
Boundaries Having Prescribed Displace- 
ment. Bibhutibhusan ZAMP, 
July 25, 1957, pp. 307-309. Includes as 
an illustrative example the solution of the 
problem of infinite, isotropic plate defor- 
mation due to a nucleus in the form of a 
center of dilatation at a finite distance from 
the hole. It is assumed that the edge of 
the hole is rigidly fixed 


Sandwich Structures 


A Reinforced Plastic Sandwich Missile 
Structure Designed for Use at 650°F. 
Lowell O. North SAMPE Conf., Los 
Angeles, Jan. 31-Feb. 2, 1957, Paper 33. 
18 pp. of design allowables 
for sandwich material at various tempera 


Discussion 


tures, and a method for distributing con 
centrated loads into the sandwich shell 
Design details, including splices and struc 
tural doors, are shown and discussed. 
Honeycomb Sandwich Construction in 
Civil and Military Aircraft. Bryan R 
Norton. 2nd European Aero. Cong. Proc., 
Scheveningen, 1957, Preprint. 99 pp. Re- 
view of investigation on aluminum honey 
comb cores bonded with adhesive films, 
Redux 775, and Bloomingdale FM-47. The 
study consists of tensile tests on cores, 
compressive tests on sandwich coiumns, 
and shear tests on various sandwich webs. 
Swedish Aeronautical Research on 
Metallic Honeycomb Sandwich Construc- 
tion. Bryan R. Norton. SA MPE Conf., 
Los Angeles, Jan. 31-Feb. 2, 1957, Paper 
184 pp. Review of tensile tests on cores, 
compressive tests 
and shear tests on 


m sandwich columns, 
various sandwich webs. 


Testing 


Strength-Testing the Comet. 
land Gazette, Aug., 
Description of 


de Havil 
1957, pp. 167-170 
fatigue tests and static 
tests on fuselage and wings of the Comet. 

Aircraft Structure Radiography. Br’s 
tol Quart., Summer, 1957, pp. 126-130 
Description of portable x-ray machines 
and their operations 

Descriptions of Some Current Methods 
for Determining Creep Properties Under 
Compressive Bearing and Shear Type of 
Loading. E. L. Horne. USAF WADC 
TR 57-297 |AD 130802), June, 1957. 26 
pp. 29 refs. Presentation of four meth 
ods for compressive-creep testing, two 
methods for testing, and 
four methods for shear-creep testing. 


bearing-creep 


Thermal Stress 


On the Variational Theorem for Creep. 
T. H. H. Pian. J. Aero. Sci., Nov., 1957, 
pp. 846, 847. Presentation of a more rig- 
orous means for finding the relevant inte- 
gral to be varied than the trial-and-error 
method used by Sanders, McComb, and 
Schlechte 
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Wings 


The Deformation of a Long Swept Wing 
with Chordwise Variation of the Thickness, 
E. C. Capey. (Gt. Brit., RAE TN Struc 
221, Mar., 1957.) Gt. Brit., ARC CP 348 
(Mar., 1957), 1957. 33 pp. BIS, New 
York, $0.90. 


Thermodynamics 


Cluster Integrals and Statistical Me- 
chanics of Solutions. J.A. Barker. Roya! 
Soc. (London) Proc., Ser. A, Sept. 10, 1957, 
pp. 547-553. 10 refs. Development of a 
formally convergent method for calculat 
ing the thermedynamic properties of solu 
tions containing molecules not widely dif 
ferent in size and interaction energies 


Combustion 


Present Status of Information on Trans- 
port Properties Applicable to Combustion 
Research. A. A. Westenberg 
Flame, Sept., 1957, pp. 346-359. 66 refs 
Survey of the available experimental and 
theoretical data on molecular diffusion and 
thermal conductivity coefficients likely to 
be of interest 
studies 


Comb. & 


in low-speed combustion 
Emphasis is placed on high 
temperature data and practical methods of 
calculation, and treatment excludes con- 
sideration of viscosity or dense-gas effects 

Flame Decomposition of the Propyl 
Nitrates. J. Powlingand W. A. W. Smith. 
Comb. & Flame, Sept., 1957, pp. 308-320 
17 refs. Experimental investigation in 
which decomposition flames of isopropy! 
nitrate and n-propyl nitrate are stabilized 
upon their liquid surfaces at atmospheric 
pressure in order to permit measurement 
of temperature distributions and reaction 
product distributions through the flame 
zone 

Behaviour of Inverted Propane-Hy- 
drogen Sulphide Flames at the Blow-Off 
Limits. P. F. Kurz. Comb. & Flame, 
Sept., 1957, pp. 257-2638. WADC-spon 
sored research. 

Spark Ignition of Flowing Gases. Clyd« 
C. Swett, Jr. U.S., NACA Rep. 1287, 
1956. 18 pp. 16 refs. Supt. of Doc., 
Wash., $0.25. Summary and analysis of 
the use of long-duration discharges to in 
vestigate flowing-gas ignition the 
NACA Lewis Laboratory. Includes data 
showing the effect of a flowing combustible 
mixture on the physical and_ electrical 
characteristics of spark discharges, and 
data showing the effects of variables on 
the spark energy required for ignition of 
the combustible mixture A theory of 
ignition is developed to predict the effect 
of many of the gas-stream and spark vari 
ables, and it is applied to some experimen 
tal data 

Turbulentnaia Struia v Dvizhushcheisia 
Srede. G. N. Abramovich. AN SSSR 
Otd. Tekh. Nauk Izv., June, 1957, pp. 93 
101. 15 refs. In Russian. Study of 
turbulent jets in moving media 

Kineticheskie Zavisimosti pri Vospla- 
menenii Nagretoi Poverkhnost’iu v Us- 
loviakh Dvigatelia. A. N. Voinov. AN 
SSSR Dokl., May 1, 1957, pp. 185-138 
In Russian. Study of kinetic relations in 
the case of hot-surface ignition within an 
engine. 
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tur biggest asset can't be photographed 


at's inside this engineer-scientist’s head? A camera won’t all the other fields of competence that go to make up a balanced 
eal that for 30 years a trained mind has been accumulating a research and development facility. 


st fund of knowledge on gyroscopes and has come forth with Nor can we show the special types of gray matter that make a 
nd original thinking on inertial guidance. first class systems engineer, a top production man, or a forward- 
No photograph can tell that another man thoroughly grasps looking executive to keep these specialists functioning smoothly 
e present state of the art in infrared technology and has crea- as an integrated organization. 

cideas for the future. But we can tell you what these people have done in the past, 
We can’t show pictorially the knowledge and reasoning ability what they are doing now (where military security permits), and 
er staff members bring to such subjects as radar, general elec- what we believe they can do for you. Write Dept AW, Mechanical 
nics, Semi-conductors, computation, mechanical design, and Div., General Mills, 1620 Central Ave., Minneapolis 13, Minn. 
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Creative Research and Development + Precision Engineering and Production 
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On the Existence of Higher Than Nor- 
mal Detonation Pressures. Donald R. 
White. J. Fluid Mech., July, 1957, pp. 
513, 514. Discussion of over-detonation 
in combustion-driven shock tubes, and 
possible corrective measures 

Drop Burning Rates of Hydrocarbon and 
Nonhydrocarbon Fuels. Artnour L. Smith 
and Charles C. Graves. Ul. S., NACA 
RM E57F11, Aug. 6, 1957. 22 pp. 15 
refs. Experimental investigation to de- 
termine the burning rates of single drops of 
15 fuels in quiescent air at room tempera 
ture and pressure. 


Heat Transfer 


Summary of Low-Prandtl-Number 
Heat-Transfer Results for Forced Con- 
vection on a Flat Plate. E. M. Sparrow 
and J. L. Gregg. J. Aero. Sci., Nov., 
1957, pp. 852, 853 

Despre Determinarea Conductivitatii 
Termice a Materialelor. T. I. CAampan, 
ID. Anghelache, and Vitalie Belous. 
Polyteh. Inst., Bul., Fase. 1-2, 1956, pp 
321-330. In Rumanian. Study to de- 
termine heat conductivity of various ma 
terials 


Tracks 


Track Testing at the Air Force Flight 
Test Center. Ross R. Seger. Jet Pro- 
pulsion, Sept., 1957, pp. 995-997 De- 
scription of the deceleration and high-speed 
tracks, and of the new extension for the 
latter 

Redstone Arsenal Ballistic Ramp. Kk 
L. Carroll and C. L. Northrop. Jet Pro- 
pulsion, Sept., 1957, pp. 1,011-1,013. 

The Capabilities of the Holloman Track. 
Gerhard R. Eber. Jet Propulsion, Sept., 
1957, pp. 1,018-1,017. Description of 
track facilities, instrumentation, and sled 
ballistics, and = discussion of potential 
uses for this track. 

Aberdeen Proving Ground Ballistic 
Track. Mitchell E. Bonnett Jet Pro- 
pulsion, Sept., 1957, pp. 992-995. 

Track Testing at the Air Force Arma- 
ment Center. Richard K. Hendricks. 
Jet Propulsion, Sept., 1957, pp. 997, 998. 
Description of track facilities designed for 
conducting terminal ballistic tests of air 
armament undergoing engineering evalua- 
tion and development. 

Daisy Track and Supporting Systems. 
Eli L. Beeding, Jr. USAF HADC TN 
|AD 113038] June, 1957. 19 pp. 
Discussion of equipment design, equip- 


ment function, and test sequence of a 120 
ft. catapult sled track 


VTOL & STOL 


Take-Off and Landing Distance and 
Power Requirements of Propeller-Driven 
STOL Airplanes. Richard E. Kuhn 
(IAS 25th Annual Meeting, New York, 
Jan. 28-31, 1957, Preprint 690.) Aero 
Eng. Rev., Nov., 1957, pp. 38-42 

Aviatsionnyi Turbinovintovoi Dvigatel’. 
B. Stepanov Kryl’ia_ Rodiny, May, 
1957, pp. 17-19. In Russian. Evalua 
tion of turbojet and turboprop power 
plants, with details of their design and 
operating characteristics, and discussion of 
their application to VTOL and STOL air 
craft 

Una Mirada Critica al Coleoptero. Rev 
Nac. Aero., May, 1957, pp. 46-49 In 
Spanish. Discussion of the design, opera 
tion, and applications of coleopters 

Evolution of the Vertijet. Ryan Rk: 
porter, Aug. 16, 1957, pp. 8-15. Discus 
sion of the four phases in the development 
of the Ryan X-13 Vertijet, the new VTOL 
aircraft, and of its Washington flight test 
The four developmental steps include (1) 
test vehicle, (2) horizontal flight, (3) 
vertical flight, and (4) transition and 
hover 

Jet-Powered VTOL X-14. 
Williams. Am. 
11 

Ryan X-13 Vertijet. Frank Coleman 
Am. Helicopter, Aug., 1957, pp. 8, 9. De 


seription and principle of operation 


Charles 
copter, Aug., 1957, p 


Wind Tunnels & Research 
Facilities 


Properties of Test Section Walls with 
Longitudinal Slots in Curved Flow for 
Subsonic and Supersonic Velocities (The- 
oretical Investigations). Bernhard H 
Goethert. USAF AEDC TN 55-56 | AD 
131406|, Aug., 1957 Derivation 
of mathematical expressions for the bound- 
ary conditions of longitudinally slotted 
walls. A relationship is first established 
for the effect of flow curvature on the 
boundary conditions in the vicinity of 
conventional slotted walls for incompress 
ible flow. This relationship is then ex 
tended to include the influences of pro 
truding slots as well as perforated cover 
plates at the base of the slots. 

The 10 cm x 15 cm Supersonic Wind 
Tunnel of the Department of Aeronautics, 


235 pp 


DECEMBER, 


University of Tokyo. Tomijiro Moriya, 
Jiro Kondo, Akira Takano, and Takashi 
Tani. Japan Soc. Aero. Eng 
1957, pp. 209-214. In Japanese 

The Variable Density High Speed Cas- 
cade Wind Tunnel of the Deutsche For- 
schungsanstalt fir Luftfahrt, Braunsch- 
weig. H. Schlichting. NATO AGARD 
Rep. 91, Feb., 1956. 5 pp Brief de- 
scription of the new open-jet type tunnel 
with a Mach Number range from 0.2 to 
1.1 

Development of the R. A. E. 6 Inch 
Diameter Shock Tube. I Bursting of 
Diaphragms at 200 Atmospheres. S. G. 
Cox Gt. Brit, RAE TN Acro.2510, 
May, 1956. 12 pp. Experiments using a 
test rig to investigate the problem of pro- 
viding a diaphragm for the RAE high- 
temperature shock tube. <A successful 
method is developed which involves clamp- 
ing the diaphragm with a free piston and 
sealing with O-rings. 

Longitudinal Airplane Dynamics Wind 
Tunnel Test Equipment. 0. B. Tufts, 
G. R. Duryea, Jr., R. C. MacArthur, and 
A. H. Zimmerman. USAF WADC TR 
03-184 [AD 112452], July, 1956. 230 
pp. 16 refs. Discussion of the design 
and construction of equipment for making 
longitudinal dynamic stability tests in a 
wind tunnel. The equipment includes a 
flexible oscillator-support, a calibration 
model airplane, and instrumentation 

New Method of Flow Visualization for 
Low-Density Wind Tunnels. R. A. Ev- 
ans. (California U., Inst. Eng. Res. TR 
HE-150-119, June, 1954.) J. Appl. Phys., 
Sept., 1957, pp. 1,005-1,010. WADC- 
sponsored description of a technique in 
volving the absorption by oxygen of ra- 
diation in the wavelength region 1,400 A 
to 1,500 A 

Suspension Magnétique d’une Ma- 
quette en Soufflerie. M. Tournier and P 
Laurenceau. La Recherche Aéronautique, 
July-Aug., 1957, pp. 21-26. In French 
Development of a method for mounting 
wind-tunnel models. 

Some Comments on High-Lift Testing in 
Wind Tunnels with Particular Reference 
to Jet-Blowing Models. A. Anscombe 
and J Williams. RAeS J., Aug 
929-540. Discussion of special problems 
in model testing which arise when high-lift 
applications are involved. Comments are 
made on factors controlling model size, on 
test rigs and methods of feeding air to 
models without applying constraints to 
the balance, and on the measurement of 
jet-flow parameters. 


J., Aug., 
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On the threshold of a frightening yet fascinating new age, 
The Kaman Aircraft Corporation would like to express its gratitude 
to and confidence in the only nation in the world which is truly a 
government of, by and for the people. To all who are working to 
keep it that way warmest greetings of the season and heartiest 


wishes for a prosperous and peaceful new year. 
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New positions in 


MISSILE SYSTENS THERMODYNAMICS 


Weapon systems activities under Lockheed’s management are encountering 
thermodynamic problems of a most advanced nature. Projects at the 

Palo Alto and Sunnyvale organizations present unusual scope for 
achievement in thermodynamics areas including: Boundary layer and 

heat transfer analyses in hypersonic flow fields such as pressure gradient and 
real-gas effects; analysis of thermodynamic performance of missiles 

in continuum flow, slip flow and free-molecular flow; calculation of transient 
structural and equipment temperatures resulting from aerodynamic 

heating and radiation; specification of ground tests and flight tests required 
to verify and improve thermodynamic design of missile and weapon 

systems; analysis and interpretation of thermodynamic ground test and 

flight test data. Inquiries are invited. Please address the 

Research and Development Staff, Sunnyvale 46, California: 
Aerothermodynamic Staff members discuss heat flux during reentry ofa 

hypersonic vehicle. Left to right: J. 1. Osborne, aerodynamics; R. G. Wilson, 


thermodynamic research; W. E. Brandt, thermodynamic analysis; 
Dr. L. H. Wilson, Thermodynamic Section head. 


MISSILE SYSTEMS 


A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 
PALO ALTO «- SUNNYVALE « VAN NUYS 


CALIFORNIA 
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Aeronautical Reviews 


AERONAUTICS, GENERAL 


Proceedings of the Second European Aeronau- 
tical Congress, Scheveningen, September 25-29, 
1956, Vol. 1. Amsterdam, Netherlands Society 
of Aeronautical Engineers, % Nationaal Lucht 
vaartlaboratorium, 1957. 503 pp., illus., diagrs 
25 guilders. 

The Proceedings of the Second Congress have 
resulted in three volumes of papers, lectures, and 
short communications that encompass varied 
fields in aeronautics. The 80 articles making up 
the set are photo-offset prints of all but 15 of the 
original texts and are in the language of the origi- 
nal French, German, or English. Volumes 2 
and 3 will be covered in a subsequent issue of the 
REVIEW 

Contents: Opening Addresses, P. A. van de 
Velde, H. C. van Meerten, and J. Algera. A 
Proposal for a More Exact Definition of the Fac- 
tor of Safety as Applied to Aircraft Structures (In 
English), G. Aldinio. Turbojet Transport in 
Civil Aviation (In English), I. A. Aler, K.L.M 
The N. L. L. Transonic Tunnel (In English), B. 
J. van Asselt Analytic Study of Spin, Using 
Data Obtained with a Horizontal Tunnel, and a 
Method of Testing Models in Free Air (In French), 
E. Bazzocchi Some Results of Swedish Re- 
search on Wings and Airfoils (In German), H 
Behrbohm. Measurements of the Unsteady Aero- 
dynamic Forces on a Wing with Control Surfaces 
(In English), H. Bergh. An Electrical Control 
System for Aviation Turbines; The Use of Mag 
netic Amplifiers (In French), J. Beslier. Flight 
Measurements during Performance Check Tests 
of a Commercial Jet Aircraft--Caravelle (In 
French), R. Beteille Evolutionary Trends of 
Turbojets Used in Civil Aviation (In French), J 
Blanc. ‘‘Voltabloc’’ Batteries for Starting Air- 
craft Turbines (In French), M. Bougaran. The 
Hydraulic Analogy in Experimental Aerody 
namics (In French), B. Bozinovitch. The Indus- 
trial Facilities for Aerodynamic Experimentation 
of AI.C.M.A. (In French), J. Brocard A 
Study of the Vibration of Turbomachine Blades 
(In French), Brouée. On the Influence of the 
Prandtl Rule on the Calculation of Forces 
Excited by a Helicopter Rotor (In German), G 
Briining. Lift Distribution of Wings Limited by 
Plates (In French), A. Castells Contribution 
to the Practical Calculation of Compressible 
Flow in Axial Turbines, Taking into Account the 
Radial Variation of Inlet Temperature and Fric 
tion (In German), G. Cordes. The Influence of 
Rounding-Off Errors in Calculation of Eigen 
values of Matrices by Iteration (In English), H 
J. Dannenburg. Measurement Techniques with 
Multiple Recorders Using Photographic Paper 
(In French), P. Devergne. The Aerodynamics of 
Jet Engines Mounted at the Rear of the Fuselage 
(In French), M. Duguet. The ‘‘Atar Volant’ 
and its Future (In French), G. Eggers. Mana- 
gerial and Technological Aspects of Aircraft 
Production (In English), E. van Emden On 
the First Jet Engines; a Review of Their De- 
velopment (In German), W. Encke. Jet Engines 
and Airports (In English), J. Fernandez-Amigo 
The Influence of Local Buckling on the Primary 
Failure of Stiffened Panels Loaded in Compres- 
sion (In English), G. J. Fonk. Tests of Hot 
Water Aspirators for High Powered Wind Tunnels 


— BOOKS % 


For Information on IAS 
Library Services, 
see page 87 


Statements and opinions ex- 
pressed in Book Reviews are to 
be understood as individual ex- 
pressions and not necessarily 
those of the Institute. 


(In French), O. Frenzl. Contraction Brittleness 


in) Commercial Aluminum-Copper-Zine-Mag 
nesium Alloys (In French), J. A. Garcia Poggio 
and J. Saenz Insausti. Development of Visual 
Landing Aids for High-Performance Aircraft 
(In English), S. J. Gerathewohl Calculation, 
Tabulation and Uses of Some Functions Occur 
ring in the Theory of the Conical Disc Subjected 
to Centrifugal and Thermic Stresses (In English), 
R. Giovannozzi 


AUTOMATIC CONTROL 


Analytical Design of Linear Feedback Con- 
trols. George C. Newton, Jr., Leonard A. Gould 
and James F. Kaiser. New York, John Wiley & 
Sons, Inc., 1957. 419 pp., diagrs. $12 

Analytical design as described in the present 
volume is the design of control systems by applica 
tion of the methods of mathematical analysis to 
idealized models which represent physical equip 
ment. The starting point is system specifica- 
tions which include descriptions of the input, the 
The de 
sign objective is to minimize (or maximize) the 
chosen performance index which is used as the 


disturbances, and the response desired 


basis for judging the system performance. In 
cluded is a comprehensive discussion of the analy- 
tical design procedure for two performance indices 
For systems subject to transient input signals, 
the integral-square error is used as a performance 
index. For stochastic input signals, the mean 
square error is used Although the book was 
originally planned as a monograph on analytical 
design theory, the authors, all of the Massachu 
setts Institute of Technology, have made it useful 
to graduate students by including four appendixes 
which review Fourier and Laplace transforms, the 
application of the theory of functions to the prob- 
lem of stability determination, the gain-phase 
plane methods of trial-and-error design, and other 
methods of trial-and-error design A table of 
special integrals needed in applying analytical 
design theory to practical problems and a dis 
cussion of the gain-phase relationship for mini 
mum-phase transfer functions constitute two 
other appendixes 


CHEMISTRY 


Handbook of Chemical Data. Edited by F 
W. Atack. New York, Reinhold Publishing Cor 
poration, 1957. 629 pp., tables. $6.75 

A successor to Vol. 1 of the Chemists’ Year Book, 
this convenient, pocket-size handbook dispenses 
with unwieldy references and charts to present a 
vast array of facts constantly needed by the ac 


14] 


tive chemist By virtue of its clear, relevant 
tables of physical constants and properties, the 
book is exactly what the title states 

Contents: (1) Atomic Weights. (2) Physico 
Chemical Constants. (3) Solubilities. (4) Re 
fractive Indices (5) Dissociation Constants 
(6) Refractive Index Liquids. (7) Properties of 
Minerals (8) Inorganic Compounds (9) Or 
ganic Compounds (10) Qualitative Analysis 
(11) Volumetric Analysis. (12) Factors for Quan 
titative Analysis (13) Conversion Table for 
Weights and Measures. (14) Tables for Inter- 
conversion of Thermometric Scales. (15) Hydro 
metric Tables. (16) 5-Figure Logarithms. (17) 
Powers of Numbers. (18) Sines and Tangents 
(19) Mensuration Formulae (20) Mechanical 
Constants and their Logarithms 


COMPUTERS 


Proceedings of the Third Annual Computer 
Applications Symposium, Chicago, October 9-10, 
1956. Sponsored by Armour Research Founda 
tion, Illinois Institute of Technology 
The Foundation, 1957 
tables. $3.00. 


The trend toward more effective and wide 


Chicago, 
148 pp., illus., diagrs., 


spread use of medium-scale digital computers is 
evident from the program of this symposium 
which was held to exchange ideas and experiences 
of users in both scicnce and industry. Fourteen 
papers presented at the meeting serve to illus 
trate the diversity of computing machines and 
their applications as existing today 

Contents: (1) Development of a Products Pipe 
Line Simulator on an NCR 102A. (2) Applica 
tion of the IBM 650 to Stock Brokerage Opera 
tions. (3) The ELECOM 125 in Personnel 
Classification Research. (4) The Election and the 
UNIVAC. (5) Programming the DATATRON for 
Ordinary Life Insurance Operations 6) Manu 
facturing Data Processing on the IBM 650 7) 
The UNIVAC FILE-COMPUTER Applied to 
General Accounting Functions (8) Solution of 
Rotating Electric Machinery Problems with 
ALWAC (9) The IBM 650 Applied to Prob 
lems of the Electrical Industry. (10) The NCR 
120A as an Aid in Training and Research. (11) 
Model Making Problems in Election Forecasting 
(12) Optical Calculations Using the Burroughs 
E 101 (13) Use of the DATATRON in Petro 
leum Engineering. (14) Research Calculations on 
the READIX Computer. 


DOCUMENTATION 


Scientific and Technical Translating and Other 
Aspects of the Language Problem. UNESCO 
Paris, UNESCO; New York, Columbia Univer 
sity Press, 1957. 282 pp., diagrs., tables. $4.00 

The introduction to Chapter 1 of this UNESCO 
report states that at least 50 per cent of scientific 
literature is in languages which more than half 
the world’s scientists cannot read. Thus, dis- 
regarding qualitative differences, the greater part 
of what is published is inaccessible to most of 
The report, the 
result of a resolution adopted at the General 
Conference of UNESCO in 1952 and 1954, is a 
statement of progress in dealing with the general 


those who could benefit from it 


problem of enabling scientists to exploit knowledge 


OF 
> ” 
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published in languages other than their own. It 
discusses the ramifications of the loss of knowl- 
edge through the language barrier and points out 
the extent to which the situation can be improved 
by available solutions: translations; increasing 
in scientists the ability to read foreign languages; 
encouraging the publishing of scientific literature 
in languages that are widely known; and promot 
ing publications in an easily learned international 
auxiliary language 


ENGINEERS 


Career Satisfactions of Professional Engineers 
in Industry. A Research Survey for the Profes 
sional Engineers Conference Board for Industry, 
in Cooperation with the National Society of 
Professional Engineers; Developed by Opinion 
Research Corporation, Princeton, N_J Wash 
ington, Professioial Engineers Conference Board 
for Industry, 1957. 84 pp., 
$3.00 


diagrs., tables 

Based on interviews with a sampling of profes 
sional engineers in industry, this report sum 
marizes the thinking of engineers at three dif 
ferent stages of professional experience —3 to 6 
years, 10 to 15 years, and 20 to 25 years. In all 
eleven companies were included in the survey in 
aircraft 
manufacturing, chemical, electronics, electrical 


the following industries automobile 
machinery, heavy equipment, petroleum refining 
and rubber 

Contents: About the Survey. The Research 
Plan. Research Findings: (1) The Engineers in 
this Survey. (2) Career Outlook of Professional 


Engineers. (3) Satisfaction and Frustration on 
the Job (4) The Question of Professional 
Status. (5) Are the Values of the More Success 


ful Engineer Different from the Others? (6) 
Summary and Implications Detailed Survey 
About the Tables 


Tabulations Appendix 


Tables 


FLUID MECHANICS 


An Introduction to Fluid Mechanics and Heat 
Transfer; With Applications in Chemical & 
Mechanical Process Engineering J. M. Kay 
Cambridge, England, At The University Press; 
New York, Cambridge University Press, 1957, 
309 pp., diagrs. $7.00 

The main emphasis in this text, which is suit- 
able for use in university courses, is on fundamen 
tal principles, Intended especially for the chem- 
ical and mechanical engineer, the principles, wher 
ever possible, are related to actual engineering 
problems. Among the topics presented are the 
fundamentals of fluid flow, viscosity, heat conduc 
tion, diffusion, energy and momentum principles, 
dimensional analysis, equations of fluid motion 
and forced convection, turbulence, compressible 
flow in pipes, solid particles in fluid flow, flow 
through packed beds, pumps, compressors, heat 
exchangers, and condensation and evaporation 
Dr. Kay, Professor of Nuclear Power, University 
of London, has based his text on lectures given in 
the Department of Chemical Engineering while 
he was at Cambridge from 1948-1952 


HELIUM 


The Physical and Thermodynamic Properties 
of Helium. Jesse T. Simmons. (Technical Re 
port No. D-9027.) Los Augeles, Wm. R. Whit 
taker Co., July 1, 1957 
$10 


79 pp., diagrs., tables 


This report is a brief summary of currently 
available information, presented in both tabular 
and diagrammatic forin, on the flow charac 
teristics and the physical and thermodynamic 
properties of gaseous helium, encompassing the 
pressure range of 14.7 to 6,000 psia and the tem 
perature range of —440° to 600°F 
ties covered include 


The proper 
gas constant R, density, 
specific volume, compressibility factor, entropy, 
enthalpy, specific heat at constant pressure and 
constant volume, ratio of ( p/Cy, viscosity, ther- 
mal conductivity, sonic properties, and diffusion 
and permeability 


NG REVIEW 


MATERIALS 


Behaviour of Metals at Elevated Temperatures; 
Lectures Delivered at the Institution of Metal 
lurgists Refresher Course, 1956. London, Iliffe & 
Sons, Ltd N.Y Philosophical Library, 1957 
122 pp., illus., diagrs., tables $6.00 

The present volume contains four papers that 
consider the effects of temperatures on metals 
from only slightly above normal up to the highest 
working limits Engineering Properties of 
Metals at High Te eratures, by N. P. Allen 
covers such properties as stability, elastic con 
stants and coefficients of expansion, resistance to 
plastic deformation and fracture under stress 
behavior under fluctuating temperatures, and re 
The Effect of Tem- 
peratures up to 450% n Metals, by G. Meikle 


gives particular emphasis to airframe structures 


sistance to chemical attack 


and guided missiles and includes a discussion of 
kinetic heating \ Ferrous High-Temperature 
Materials, by L. B. Pfeil, considers the attempts to 
provide improved materials at temperatures of 
500°C. and up. High-Temperature Steels, by 
W. E. Bardgett, explains how research leads to 
better composition of steels for specific tasks 

Thermochemical Data of Alloys. O. Kuba 
schewski and J. A London, New 
York, Pergamon Press, 1956. 200 pp 
$7.50 


Catterall 
tables 


The monograph presents all the relevant data 
necessary to establish the ‘‘free-energy diagrams’’ 
of metallic systems, and of the oxides, sulphides, 
nitrides, phosphides, and carbides of the transi 
tion metals. The assessment of the thermo 
dynamic data— i.e the partial and integral 
heats, entropies, and free energies—-is different 
from previous compilations of the data on theoret 
ical metallurgy in that it deals with solutions and 
homogeneity ranges, rather than with stoichio- 
metric compounds A total of nearly 230 binary 
and ternary systems has been considered, for many 
of which the available information is still incom 
plete. Critical values are given for every system, 
followed by a brief discussion of their origin and 
of the mode of calculation. Density changes on 
alloying are also tabulated. The authors are with 
the National Physical Laboratory 


Brittle Behavior of Engineering Structures. 
Earl R. Parker Prepared for the Ship Structure 
Committee under the General Direction of the 
Committee on Ship Steel, National Academy of 


Sciences—-National Research Council.) New 
York, John Wiley & Sons, Inc., 1957. 323 pp., 
illus., diagrs., tables. $5.00 

Written for the purpose of summarizing the 


available information on the brittle behavior of 
steel in engineering structures, this book contains 
a discussion of the theories and mechanism of 
failure, a review of test methods used for evaluat 
ing relative brittleness, interpretations and sum- 
maries of test results, a discussion of the effects 
of welding and composition variations on notch 
toughness, and a report of service failures. The 
author is Professor of Metallurgy and Chairman 
Division of Mineral Technology, University of 
California 


Engineering Properties and Applications of 
Plastics. Gilbert Ford Kinney New York, 
John Wiley & Sons, Inc., 1957 
tables. $6.75 


The emphasis in this book is on the funda 


278 pp., diagrs., 


mental characteristics of plastics, the newest of 
the engineering materials Separate chapters are 
devoted to fabrication methods, and to the 


mechanical, electrical, optical, thermal, and 


chemical properties displayed by a large variety 
of organic plastics rhe author, Professor of 
Chemical Engineering, U.S. Naval Postgraduate 
School, discusses, in order of increasing complex 
ity, polyethylene, polyvinyl chloride, polysty- 
rene, the acrylic plastics, various vinyl-type 
plastics, the cellulose plastics, phenolic plastics 
the amino plastics, polyesters, polyamides, ex 
poxies, silicones, and rubbers. A unified treat 
ment of subject matter, rather than a_ topical 
approach, permits the principles, concepts, and 
terminology established in the simpler cases to be 
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utilized in treatment of the more complex ma 
terials 

Rubber; Fundamentals of its Science and 
Technology. Jean Le Bras. Translated from the 
French by Irene E. Berck New York, Chemical 
Publishing Co., Inc., 1957. 464 pp illus 
diagrs. $12 

The first American edition of this work which 
was published in France in 1951 and again in 
1953 contains much information and many new 
photographs not included in the earlier editions 
It is written for the rubber chemist and tech 
nologist seeking the latest developments in rubber 
chemistry and physics, theories of elasticity 
vulcanization, accelerators, reinforcement, anti- 
oxidants, etc., and the most up-to-date pri 
cedures of rubber technology and testing. Com 
plicated theoretical considerations have in 
general been avoided, although certain important 
aspects, such as the chemical structure of rubber 
are discussed in great detail. Special attention is 
given to the principles of selecting the most suita 
ble compounding ingredients to meet the specifica 
tions placed on finished chemical products. Dr 
Le Bras is General Scientific Inspector of the 
French Rubber Institute and the Institute of Rub 
ber Research in Indo-China 


MATHEMATICS 


Spheroidal Wave Functions. Carson Flammer 
Stanford, Calif., Stanford University Press, 1057 
220 pp., diagrs., tables. $8.50 

Addressed to the applied mathematician, the 
mathematical physicist, and the mathematical 
engineer rather than to the pure mathematician 
this Stanford Research Institute monograph is 
intended to facilitate the use and calculation of 
prolate and oblate spheroidal wave functions by 
the presentation of a detailed and unified account 
of the currently known properties of these func 
tions. The text, which is accompanied by 135 
pages of tables of numerical values, contains a 
historical survey of the development of the func 
tions and a survey of the many diverse physical 
problems to which the functions have been ap 
plied. All known expansions and representations 
of the angle and radial spheroidal functions are 
derived and discussed. Power series expressions 
for the eigenvalues and expansion coefficients are 
given in the tables. The tables also contain 
numerical values of the eigenvalues and expan 
sion coefficients as well as some numerical values 
of the functions themselves The author is 
Senior Mathematical Physicist, Stanford Re 
search Institute 

Vector Spaces and Matrices. Robert M 
Thrall and Leonard Tornheim New York 
John Wiley & Sons, Inc., 1957 318 pp. $6.75 

The wide range of applications of vector spaces 
and matrices both inside and outside of pure 
mathematics has led to the development of the 
subject at many different levels In this text 
designed for a l-year course in college-level 
mathematics, the authors have chosen to pro 
ceed simultaneously at two levels—-concretely 
via matrices, and intrinsically via linear trans 
formations. This dual approach introduces the 
student to the power of mathematical reasoning 
based on a set of axioms, yet does not neglect 
concrete formulations which are extremely im 
portant to the beginner 

Contents: (1) Vector Spaces. (2) Linear Trans 
formations and Matrices. (3) Systems of Linear 
Equations. (4) Determinants. (5) Equivalence 
Relations and Canonical Forms. (6) Functions 
of Vectors. (7) Orthogonal and Unitary Equiva 
lence. (8) Structure of Polynomial Rings 9 
Equivalence of Matrices over a Ring 10) 
Similarity of Matrices. (11) Linear Inequalities 

A Dictionary of Statistical Terms. Maurice G 
Kendall and William R. Buckland (Prepared 
for the International Statistical Institute with 
the Assistance of UNESCO.) London, Oliver and 
Boyd; New York, Hafner Publishing Company 
1957. 493 pp. $4.50 

Approximately 2,000 terms essential to the 
science of statistics appear in this work. The 
criterion for the selection of a term was that of 
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current usage, whether intrinsicelly desirable or 
not, while the validity of the definition was veri- 
fied by experts in the fields to which the terms 
related. An attempt has been made to keep 
notation and usage of terms consistent without 
simultaneously standardizing the symbolism or 
nomenclature. A number of terms currently 
used in foreign languages, without English equiva 
lents or with a different literal meaning, have 
been included as part of the main body of the 
dictionary. The dictionary, which is written in 
English, includes complete glossaries in French, 
German, Italian, and Spanish 


NUCLEAR ENERGY 


Nuclear Power Reactors. 
K. Pickard 
ful Uses of Atomic Energy; Edited by James G 
Beckerley.) Princeton, N.J., D. Van Nostrand 
Company, Ine., 1957. 388 pp., illus., 
$8.50 


Edited by James 
(The Geneva Series on the Peace 


diagrs., 
tables 

Based on the more significant papers delivered 
at the Geneva Conference, the fourth volume in 
this series is limited to reactors as a source of heat 
for electric-power production. Extensive cover 
age is given to water-moderated reactors, such as 
the pressurized and boiling water types since it is 
generally believed that they hold the best prom 
ise of providing practical atomic power for the 
next 10 to 15 years. Less space is given to the 
liquid-metal-cooled, homogeneous, fast breeder, 
and other types of reactors. Other topics given 
consideration are the rising world need for power 
and the capability of nuclear power to fill this 
need; the problems of procuring, processing, and 
handling uranium fuel materials; and the need 
to lower the overall cost of the power produced 
A bibliography of papers from the Geneva Con 


ference is included as an appendix to the text 


PHYSICS 


Solid State Physics: 
and Applications, Vol. 4. 
Seitz and David Turnbull 


Advances in Research 
Edited by Frederick 
New York, Academic 

Press, Inc., 1957. 540 pp., illus., diagrs., tables 

$12 
Since the appearance of Vol. 1 of this series, re 

search activity in the field of solid-state physics 
has continued to increase rapidly; in view of this, 
the editors have considered it advisable to con 
tinue the initial policy of publishing two volumes 

a year that will offer articles of three general 

types: (1) broad elementary surveys that have 

particular value in orienting the advanced grad 
uate student or an investigator having little 
previous knowledge of the subject; (2) broad sur 
veys of fields of advanced research that serve to 
inform and stimulate the more experienced inves 
tigators; (3) more specialized articles describing 
important new techniques, both experimental and 
theoretical. Volume 4 contains two articles which 
are considerably longer than the average contem 
plated by the editors; however, the special nature 
of the topics made it desirable to publish the 
articles in the somewhat extended form 

Contents: (1) Ferroelectrics and Antiferroelec 
trics, Werner Kanzig. (2) Theory of Mobility of 

Blatt (3) The 

Orthogonalized Plane-Wave Method, Truman O 

Woodruff (4) Bibliography of Atomic Wave 

Functions, Robert S. Knox 


Electrons in Solids, Frank J 


(5) Techniques of 
Zone Melting and Crystal Growing, W. G. Pfann 

Introduction to Electrical Applied Physics. 
N. F. Astbury. New York, Philosophical Li 
brary, 1957. 241 pp., diagrs. $10 

During the past 25 years or so, electrical 
science has developed in such a way that a new 
subject, which the author chooses to call electrical 
applied physics, has revived interest in and ap 
plications of earlier work which has seemed to be 
of academic interest only. The present work is 
an essay in which an attempt is made to bring 
together the classical bases of the subject and the 
elements of some specialist topics which, by the 
natural processes of technological evolution, are 
finding their way into all fields of applied science. 
The subject discussed include electrical and mag- 
netic fields and circuits, circuit components and 
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PROSPECTUS 


CORNELL ABRONAUTICAL LABORATORY 


Men needed: Aeronautical engineers and aerodynamicists at all levels 
of experience. Basic ability and interest in research work are usually 
more important than experience in any specific field. 


Type of work: Principally applied research, with complementary 
activity in both basic research and development. Current C.A.L. projects 
deal with almost every area of research related to modern and future 
flight including: aerodynamics, gasdynamics, propulsion, full scale 
flight research with variable stability aircraft, and wind tunnel research 
from subsonic to hypersonic. Still other C.A.L. projects include the 
study of aeroelastic phenomena, advanced missile and aircraft design, 
and air traffic control studies. 


Description of Organization: C.A.L. is a not-for-profit corporation 
wholly owned by Cornell University. It is financially self-supporting, 
and operated for the purpose of advancing and enlarging scientific and 
engineering knowledge. Toward this end, the value of research com- 
pleted last year rose to 14 million dollars, the 7th consecutive annual 
increase. C.A.L. has 1150 employees. 


Desirable features of employment at C.A.L2: VARIETY — the 400 
engineers and scientists at C.A.L. are working in 11 technical depart- 
ments, which last year completed 180 projects, both large and small. 
INDIVIDUAL RECOGNITION — the high ratio of contracts per 
engineer, coupled with the Laboratory’s practice of using small research 
teams, allows the recognition of every man’s individual contribution. 
To guarantee this recognition, each man’s progress is reviewed every 
6 months. SALARY —C.A.L. recognizes its need for above average 
professionals, and appreciates that such individuals must be compensated 
accordingly. Annual salary for an Associate Engineer (median of the 
five non-supervisory categories) can exceed $10,000. INTERNAL 
RESEARCH — each year the Laboratory sets aside substantial sums 
for the sole use of staff members in support of their exploration of new 
scientific areas and the generation of new ideas. 


Action to take: If you desire additional information, use the coupon 
to request “A Decade of Research,” a 68 page report on the Laboratory’s 
research programs over the past 10 years. If you are interested in employ- 
ment at C.A.L., check the box below for additional information. All 
inquiries will be treated as confidential. 


P CORNELL AERONAUTICAL LABORATORY, INC. 
of Cornell University * Buffalo 21, N.Y. 


J. A. Ruch 


CORNELL AERONAUTICAL LABORATORY, INC. 
Buffalo 21, New York 


Please send me a copy of ‘‘A Decade of Research.’’ 


Name 


City Zone State 
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measurements, electromechanical and_ electro- 
acoustical systems, electron devices, and electro 
magnetic waves and radiation. The necessary 
mathematics and algebra are presented in con- 
junction with the relevant problem under discus 
sion, while algebraic and vector methods are used 
simultaneously as the work dictates. The author 
is Professor of Physics, University of Khartoum 


POWER PLANTS 


Aircraft Engines of the World, 1957. Paul H 
Wilkinson Washington, Paul H. Wilkinson, 
734 15th St., N.W., 1957 320 pp., illus., diagrs., 
tables. $15 

The fifteenth annual edition of this standard 
work has been completely rewritten to ensure 
uniform standardization throughout and con- 
tains power-plant information that is current as of 
July, 1957 


a section on nuclear aircraft engines in which 


Among the new features this year is 


Government and private research in this field is 
described and nuclear propulsive systems are ex- 
plained. The turbojets and turboprops (main 
power plants) section now occupies 164 pages and 
contains descriptions of 92 engines, of which 18 
are new. Specifications are also given for ram- 
jets, rocket-jets, and specialized gas turbines, as 
well as a substantial number of new reciprocating 
engines and new models of those already in serv 
ice, including those designed for helicopters 
The accessories and equipment section presents 
many of the latest aviation products of the United 
States and Great Britain Fuel and lubricating 
oil tabulations have been revised and for the first 
time include ram-jet and rocket-jet fuels. In the 
section on aircraft and their engines, the author 
has supplied six up-to-date tabulations of leading 
military and civil types, including gas-turbine air 
liners currently in service or undergoing test 


RADIO ASTRONOMY 


Radio Astronomy; International Astronomical 
Union Symposium No. 4. Held at the Jodrell 
Bank Experimental Station Near Manchester, 
August, 1955 Edited by H. C. van de Hulst 
Cambridge, England; New York, Cambridge Uni 
versity Press, 1957 4109 pp., illus, diagrs., 
tables. $9.50 

The proceedings of the symposium, as re 
corded in this volume, include 80 papers on various 
aspects of radio astronomy, among which are 
contributions from research groups in Australia, 
Czechoslovakia, England, Finland, France, Ger- 
many, Japan, the Netherlands, Switzerland, the 
United States, and the Soviet Union. Many of 
the papers have been improved as a result of dis- 
cussion at the symposium or by the inclusion of 
data not available in August, 1955. Six main 
Ines of investigation are reported: spectral line 


NG REVIEW 


investigations point sources; galactic structure 
and statistical stu of point sources; the quiet 


sun; the active and meteors and planets 


Introductory papers on these topics summarize 
the state of knowledge prior to the symposium 
Radio telescopes and other technical subjects are 
not treated in separate papers, but novel instru 
ments like the Mills’ Cross antenna and new-re 


ceiver developmients are described along with the 
first results obtained 


SPACE TRAVEL 


Proceedings; The Age of Space. A Non 
Technical Conference on Missiles, Rockets, and 
Space Travel -and Their Impact on Our Times 
May 16, 1957 Spon 
Institute Birmingham Ala., The Institute 


1957 43 pp., illus., diagrs 


red by Southern Research 


Contents: (1) U.S. and Russian Missile Tech 


nology, Erik Bergaust 2) A Trip to Mars 
Ernst Stuhlinger Beyond the Sky with Rocket 
Power, Dan A. Kimball 4) Metals for Space 
Travel, F. I LaQue 5) People for Space 
Vehicles: Space Medicine, Dan C. Ogle 6) 


The Earth Satellite Program, John P. Hagen 
(7) Military and Civilian Research, C. C. Furnas 


THERMODYNAMICS 


Combustion Researches and Reviews, 1957. 
(NATO AGARD AGARDograph No 15.) 
London, Butterwort! Scientific Publications 
New York, Interscience Publishers, Inc., 1957 
204 pp., illus., diagr tables 10s. $5.60 


The principal sul discussed at the tenth 


AGARD Combustion Panel meeting in Oslo 
Norway, during May 1956, were pulse-jets 
shock-tube technique and high-pressure com 
bustion. This second volume of AGARD Com 


bustion Researche nd Reviews contains ten 
papers, of which five were presented at Oslo and 
the balance were voluntarily submitted to the 


Panel during the past year Future volumes in 


this series will appear approximately every 2 
years 
Contents: (1) Stationary Flames at Pressures 


Above One Atmosphere, G. A. McD. Cummings 
(2) Hydrogen-Halogen Flames, R. C. Anderson 
(3) Flame-Spreading Characteristics in Combus 
tion, N. R. L. Maccallum. (4) Etude dela Flamme 
des Mélanges Air-Kérosene (Study of Flames in 
Rappeneau (5) 
Bubble-Points, Flammability Limits and Flash 
Points of Petroleum Products, B. P. Mullins 
(6) A Theoretical Analysis of Reaction Rate 
Controlled System--Part 1, M. V. Herbert. 
(7) Remarques sur les Pulsoréacteurs (Remarks 
on Pulse-Jets), J. Ducarme 


Air-Kerosene Mixture J 


(8) Quelques Ré 
sultats Obtenu a la S.N_.E.C.M.A. dans I'’Etude 
des Pulsoreacteur Some Results Obtained by 
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S.N.E.C.M.A. in the Study of Pulse-Jets), J 
Bertin and B. Salmon (9) An Introduction to 
the Use of the Shock Tube for the Determination 
of Physico-Chemical Parameters, S. S. Penner, 
F. Harshbarger, and V. Vali (10) An Outline 
of a Method for Preparing Enthalpy Charts for 
Dissociating Gas Mixtures in the Temperature 
Range 600° to 4,000°K., O. Lutz 

Elements of Heat Transfer. Max Jakob and 
George A. Hawkins. 3rd Ed New York 
John Wiley & Sons, Inc., 1957. 317 pp., illus 
diagrs., tables $6.75 

Basic principles of heat transfer and the ap- 
plications of those principles to simple problems 
are the major items dealt with in this book that 
was originally published as Elements of Heat 
Transfer and Insulation The present edition 
retains the writing style of earlier editions but 
features these changes in subject matter a new 
table on thermal conductivity of liquid metals 
an added section on the use of equivalent circuits 
for the solution of problems; information on one 
type of thermal analyzer; additional material 
on the analysis of engineering systems; new sec 
tions on the heating of liquid metals in turbulent 
flow through pipes, hydrodynamic and thermal 
boundary layers, convective heat transfer at high 
velocities, and the analogy between electrical 
and thermal circuits for convective heat transfer 
a new section on heat exchanger effectiveness 
ratio; an expanded chapter on heat transfer in 
condensing and boiling, to include the differences 
between nucleate, partial film, and film boiling; 
a concise section on gas radiation; new coverage 
of mass transfer and the similarity between heat 
and mass transfer; and up-to-date references and 
problems (increased by 25 per cent) 

Thermodynamics of Heat-Power Systems. 
F. W. Hutchinson 
Wesley Publishing Company Inc 190 pp 
diagrs., tables. $8.50 


Reading, Mass Addison 


The present treatment of thermodynamics is 
based on 20 years of teaching experience and re 
flects the author's belief that emphasis should be 
on ideas rather than on equations. His intent is 
to provide a descriptive core of fundamental 
principles and concepts that will enable the lec 
turer to use this background as a base for excur 
sions into the realms of qualification, exception 
ind extension Also he propounds a logical 
thermodynamic chain that progressively investi 
gates energy as it relates to source, storage 
liberation, transition, transformation, transporta 
tion, and utilization. Wherever possible, the tech 
nical material is developed in terms of a gen 
eralized equation or a generalized example; this 
procedure is particularly to be noticed in the sec 
tions on combustion analysis and general energy 
equations and in the analysis of a comprehensive 
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Handy tear-out postals are included for y: 
direct from the manufacturers. 


Make It a Habit—Use the ‘New Products Section’ Every Month 
AERONAUTICAL ENGINEERING REVIEW 


Keep Posted on New Aircraft & Missile Products and Product Literature 


Make it a habit to check the Aeronautical Engineering Review's “New Products Section’’ every 
month. Located at the end of each issue, it contains a complete review of all recently announced 
new product developments and product literature of special interest to the aeronautical profession. 
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Wind Tunnels 

Engine Test Stands 
Environmental Test Facilities 
Structural Test Facilities 


Guidance and Contro/ 
System Test Laboratories 


Missile and Aircraft 
Check-Out Facilities 


Nuclear Reactor 
Instrumentation 


Data Reduction Centers 


679301 
679307 

679311 

H=h(T,,-T,)-BT" 679321 


679335 


679342 


679351 
679363 


216701 
236000 
242131 
247960 
251193 
251207 
255576 
254109 


DIGITAL CONTROL COMPUTER 


Now —at the test site—all major data conversion and computation 
requirements can be met with the new RW-300 Digital Control Computer. 
This medium-size digital computer is unique in that it incorporates 
analog-digital conversion equipment matched to the computer. Thus, the 
RW-300 can directly monitor measuring instruments, perform complete 
calculations on the test data, and record the calculated results while 

the test is in progress. It can also be used as a general-purpose digital 
computer to perform scientific calculations while tests are not in progress. 


An RW-300 can free many test facilities from dependence upon 


computing centers remote from the test site. 


Equally important, the RW-300 has versatile control capabilities. With 
a test routine stored in its magnetic drum memory, the RW-300 can fully 
control the test facility, utilizing input data as feedback to. modify the 
control actions. The test can be programmed to stop automatically if 


unsatisfactory or dangerous test conditions develop. 


if your organization has a problem in test control, data conversion, 
or computation, write to: Director of Marketing, Dept. AER-712, The 
Ramo-Wooldridge Corporation, 5730 Arbor Vitae St., Los Angeles, Calif. 


The Ramo-Wooldridge Corporation 


S730 ARBOR VITAE STREET, LOS ANGELES 45, CALIFORNIA 


Digital techniques employed in the design of the RW-300 computer have also been utilized by R-W systems engineers in the 
development of special-purpose digital instrumentation systems. Building blocks available for use in such systems include 
voltage-to-digital converters, electronic commutators, digital data recorders, data-handling links, and special equipment such 
as the RTD-3103 Range Time Decoder. Additiona/ information on digital instrumentation systems is available on request. 


|_| 
| 
| 
| 
| 
| 
P 
ing 
| in | 
| 
mot 
| sear 
| deg 
sifa 
gin 
relz 
| a ind 
| sur 
resi 
Ok 
| TEST RESULTS AVAILABLE IMMEDIATELY , 
PB 
the 
the 
wo 
ch: 
ine 
th 
D 
A 
in 
n 
I 
d 
t 
d 
t 


Personnel Opportunities 


organization may have requirements listed without charge by writing to the Secretary of the Institute. 


Wanted 


Professors School of Aeronautical Engineer 
ing needs Assistant Professor to give instruction 
in field of aircraft power plants and assist in 
Salary $600 to $800 per 
Opportunity to work on sponsored re 


laboratory program 
month 
search projects in propulsion field. Advanced 
degree and some teaching experience preferred 
Industrial experience in aircraft power plants de 
sirable. Assistant Professor of Aeronautical En- 
gineering needed to teach aerodynamics and 
related courses. Advanced degree required, and 
industrial experience preferred Salary commen 
surate with education and experience. Sena 
résumé to Chairman, School of Aeronautical En 
gineering, University of Oklahoma, Norman, 
Okla 


Professor of Aeronautical Engineering 
position is now available on the teaching staff ot 
the Department of Aeronautical Engineering of 
the University of Texas for a senior professor who 
would head up the work in aircraft structural me 
chanics. This man should preferably have a 
Ph.D. degree and considerable academic and /or 
industrial experience in the fields of aircraft struc- 
tural analysis, aeroelasticity, and aircraft dy 
namics. Emphasis is to be placed on the develop 
ment of the graduate program and research in 
these areas. This is a senior staff position with 
rank and salary dependent on qualifications. In 
terested applicants should send a biographical out 
line, list of publications, and recent photograph to 
Dr. M. J. Thompson, Chairman, Department of 
Aeronautical Engineering, University of Texas, 
Austin 12, Tex 


Assistant Professor of Aeronautical Engineer- 
ing A position is now available for an Assistant 
Professor on the staff of the Department of Aero 
nautical Engineering of the University of Texas 
Duties will primarily involve the teaching of un 
dergraduate courses in aerodynamics and aircraft 
structural analysis and design, with ample oppor 
tunities for research and work toward advanced 
degrees. Applicants with a Master's degree or 
equivalent industrial experience are preferred 
Rank and salary will depend on qualifications 
Interested applicants should send a biographical 
outline, list of publications, and recent photograph 
to Dr. M. J. Thompson, Chairman, Department 
of Aeronautical Engineering, University of Texas 
Austin 12, Tex 

828. Structures Engineer —-Midwest fastener 
manufacturer has opening for structures engineer 
experienced in aircraft fastener design and usage 
Position is technical assistant to vice-president of 


research State complete background in reply 


Available 


837. Engineering Management -B.M_E., Age 
39, Sixteen years’ engineering experience in the 
aircraft and allied industries Last 6 years in 
supervisory capacity planning, organizing, and 
directing guided-missile and piloted aircraft elec 
tromechanical systems development programs 


One year in electromechanical design; 7 years in 


This section is for the use of individual members of the Institute seeking new connections and eli- 
gible organizations offering employment to Aeronautical specialists. 


The number preceding the notice 
represents the Box Number of the In- 
stitute of the Aeronautical Sciences to 


which inquiries should be addressed. 


flight research; 2 years in stress analysis. Cur 
rent assignment as assistant section head of re 
search, development, and technical proposals 
section for electromechanical subsystem manu 
facturer. Current salary over $13,000 per an 
num Desires position with greater management 
responsibility. Location either coast 
furnished on request 


Résumé 


836. Engineering Manager — Aero Engr., 
B.S 1941. Fellow, IAS. Sixteen 
years progessively more responsible technical and 
management Well-rounded — experi 
ence in Government and industry R&D. Workin 
design groups, laboratories, and wind tunnels; 
engineering testing; evaluation of prototypes and 


Associate 


positions 


specifications writing. Supervision of numerous 
technical and administrative personnel in large 
and small organizations. All phases of manage 
ment and personnel relations Planning and 
direction of R&D programs, operating budgets 
and personnel requirements. Cited for technical 
achievements. Other honorary leadership posi 
tions held in employment and civic activities, 
Seeking West Coast affiliation in Government or 
industry. Saiary open--secondary position 
offering challenge and opportunity for advance 
ment by an aggressive leader willing to accept 
responsibilities 


835. Research Engineer B. of Ae.E. and 
Ph.D. in Applied Mechanics. Ten years’ total 
experience in mechanics, aeronautics, electronics 
and automatic control systems analysis. Salary 
area $14,000 per annum 


834. Aeronautical Engineer Age 36), with 12 
years of varied mechanical and aeronautical design 
Supervised and coordinated groups of engineers, 
designers, and draftsmen in the tollowing proj 
ects: development and design of pilot ejection 
seats; designed and developed bomb racks and 
ejection guns for release of stores (including atom 
bomb); structural design of fuselage and empen 
nage; served as mechanical design checker as 
well as designer for the above-mentioned proj 
ects; evaluated test data and determined the 
most efficient design under conditions set forth by 
the design philosophy Minimum salary $9,500 
Résumé on request 


833. Aeronautical Engineer -Administrator 
Master's degree, M.I.'I Twenty years’ experi 
ence in military aviation, mostly engineering re 
lated work at supervisory levels including head of 
aircraft overhaul department, staff supervision of 
research and development for propulsion of guided 
missiles and for military application of atomic 
energy, and command of aviation technical school 


and aircraft groups. Current pilot qualifications 
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Any member or eligible 


include swept-wing jets and instrument rating 


Age 46. Desires change to aviation industry 


832. Aerodynamics Engineer Age 32. Ex 
perience in determining stability and control (in 
cluding lateral) drag and performance param 
eters in the development of ground-to-air guided 
missiles over a large Mach Number range 
Scheduled and conducted wind-tunnel tests in 
vestigating the above parameters, throughout the 
country. Also experience in analyzing aerody 
namic parameters in aircraft fire control systems 
Air Force Pilot, commercial license Desires 
position in a technical capacity with a progressive 
company that can offer a career opportunity 


831. Technical Translator German, French, 
Russian Eleven years’ experience with major 


Government aeronautical research agency 


830. EngineerHuman Factors. Age 38 
B.A., New York University, Pre-Med, Psychology 
Major 


Certificate—-aero. design, Academy ot 


Aeronautics Recent experience in on-the-scene 
accident investigation, both military and civil 
Analysis and evaluation of crash injury data 
qualitatively and statistically Preparation and 
editing of project reports, studies, and releases 
Six years in automatic controls design and sales 
Prefers employment in basic or applied human 
factors research area 


Salary open Résumé on 


request 


829. Engineer Manager —Acronautical En- 
gineer with 20 years’ experience in positions of in 
creasing responsibility in military and civilian 
aircraft, rocket engines, electromechanical con 
trol, and computing equipment and missile com 
ponents. Recent assignments include manage 
ment of an electromechanical development de 
partment and a complete production facility em 
ploying 8CO people. Desires responsible position 
at the plant or department level Can ‘make sig 
nificant contributions to the management of a 
small company or to the development effort of a 
larger firm through application of broad experi 
ence in the areas of cost control and industrial 
relations along with technical ingenuity Salary 
open 


827. Advanced Design Specialists Three 
engineers with experience in air-frame design, de 
sign criteria, loads methods, stress analysis, com 
posite analysis, and aerothermoelasticity desire 
research and development assignments relating to 
missiles evaluation studies, structural optimiza 
tion studies, dynamic and static load studies, 
mechanical and packing problems We are cur 
rently associated with a large strength and dy 
namics department but desire assignments on a 


part-time basis in or near Los Angeles area 


826. Graduate Aeronautical Engineer and 
Engineer of Mines (basic E.M. degree) with last 
18 years’ employment in Washington, D.C., area 
Desires new connection in aeronautical field 
Preponderance of experience has been in industrial 
mobilization planning, surplus aeronautical prop 
erty disposal, strategic and critical materials 
analyses, production schedules and statistics of 
the aircraft industry, and plant security Well 
qualified for position as manufacturer's represent 
ative in District of Columbia and/or eastern 
United States. 
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Global Navigation in High Speed Air- 
craft—W/C Keith R. Greenaway. 

Gas Turbine Combustion System Design— 
F.D. M. Williams 

Simulated Flight Training—lts Uses and 
Limitations—Capt. G. B. Lothian. 

When Is an Aircraft a ‘Nuisance’ in the 
Eyes of the Law?—Alastair R. Paterson. 

Flying the Jet Stream—P. R. J. Reynolds 
and C. L. Chandler 

Jet Weather—P. D. McTaggart-Cowan. 


IAS Preprints 


Preprints of CAI-IAS Joint Meeting Papers Currently Available 


Member 


Price 


$0.35 
0.50 
0.35 
0.35 


0.50 
0.35 


Nonmember 


Price 


159 
760 
761 
762 


763 


Exit and Re-Entry Problems—G. V. Bull, 
K. R. Enkenhus, and G. H. Tidy 

Standby Rocket Engines for Civil Aijr- 
craft—G. E. Rice 

Scheduled Helicopter—The Year 1960 
Robert L. Cummings, Jr 

Recent Advances in the Aer soynenis De- 
sign of Axial Turbomachinery—W. H 
Robbins and H. W. Plohr 

Stability and Control Characteristics of the 
Vertical Attitude VTOL Aircraft 
Earl R Hinz 


Preprints of Meeting Papers Currently Available 


The Response of a Bisymmetric Aircraft to 
Small Combined Pitch, Yaw, and Roll 
Control Actions—Robert A. Davis 

Non-Linear Oscillations of an All-Movable 
Stabilizer at Supersonic Speeds—Allbert 
S. Richardson, Jr 

On the Simulation of Random Excitations 
for Airplane Response Investigations on 
Analog Computers—Bernard Mazelsky 
and Harry B. Amey, Jr 
he Encounter of an Airfoil with a Moving 
Gust Field—Norman P. Hobbs 


. Vortex Interference Effects on the Aero- 


dynamics of Slender Airplanes and Mis- 
siles—Alvin H. Sacks 

Structural and Impact Loads for the Flexible 
Airplane During Water Landings 
Edward Widmayer, Jr 

Take-Off and Landing Distance and Power 
Requireme ie of Propeller-Driven STOL 
Airplanes—Richard E. Kuhn 

Cross Coupling Dynamics and the Problems 
of Automatic Control in Rapid Rolls 
J. D. Welch and R. E. Wilson 

Rotating Stall in Axial Flow Compressors 
Jean Fabri and Raymond Siestrunck 

Differential Delta Three—A Method for 
Improving the Longitudinal Stability of 
the Tandem Helicopter—A. C. Adler 

Correlation of Helicopter Performance 
Equations—I. A. Sikorsky 

General Design Requirements for Crash- 
worthiness and Delethalization of Pas- 
senger Transport Aircraft—A. Howard 
Hasbrook 

Inertial Guidance—Walter Wrigley, Robert 
B. Woodbury, and John Hovorka. (Re- 
vised as FF-16.) 

Recent Developments in the Method of the 
Rheoelectric Analogy Applied to Aero- 
dynamics—Lucien C. Malavard 

Experimental Investigation of the Rotating 
Stall in a Single Stage Axial Compressor 

Jacques Valensi 

Developments in Cooling Systems for Heli- 
copter Power Plants—H. A. Wahl 

A Rapid Performance Prediction Method 
for Compound Type Rotorcraft—Robert 
D. Foster 

The Jet Wing—John S. Attinello 

An Investigation of the Handling pemies 
of Tandem Helicopters—David F. Geb- 
hard and Leonard Goland 

Investigation of Helicopter Blade Flutter 
and Load Amplification Problems—H 
Daugheday, F. DuWaldt, and C. Gates 

Flutter Model Testing at Transonic Speeds 

Walter P. Targof and Richard P 
White, Jr 

The Challe nge to America’s Leadership in 
Technology—Edward H. Wynn 

Some Effects of Transients in Inlet Pressure 
and Temperature on Turbojet Engines 
‘sete S. Gabriel, Lewis E. Wallner, and 

Robert J. Lubick 

Effect of Dynamic Characteristics of Rocket 
Components on Rocket Control—John 
C. Sanders, David Novik, and Clint E 
Hart 

The Bio-Mechanical Analyses of Surviv- 
able-Type Aircraft Accidents as a Factor 
in Improving Safety—A. Howard Has- 
brook 

Flutter of Rectangular Simply Supported 
Panels at High Supersonic Speeds— 
John M. Hedgepeth 


$0.50 


0.35 


0.50 


0.35 


0.35 


714 


722 
723 


727 


730 
731 
732 
733 
734 
735 
736 
738 


7139 


Unsteady-Lift Functions for Penetration of 
raveling Gusts and Oblique Blast 
Waves—franklin W. Diedrich and 
Joseph A. Drischler 

The Failure of Box Beams Under Bending 
and Rapid Heating—James W. Mar 
Theoretical and Experimental Study of 
Airplane Dynamics in Large-Disturbance 
Maneuvers—Donald W. Rhoads and 
John M. Schuler 

Modern Developments in Solid Propellant 
Rocket Engineering—Richard D. Geckler 
and Robert E. Davis 

A Method for Extrapo lating Ground- 
Based Radar Data on Rain Echoes to 
Areas of Arbitrary Size Isadore Katz 

Tools for Management Symposium) 
Andrew A Feje or, The odore 4 T Mc- 
Kne lly Raymond C. Sebold, and Edward 


Air Air Traffic Control—Col. S. A 


Airplane Design Implications of the In- 
Heppe and Le elniker 

Some Aeroelastic Bro blems of Tilt-Wing 


VTOL Aircraft R. G. Loewy and R. T 
Yntema 

Thermal Creep Design Criteria—Robert 
Gol r 


Selection of Structural Materials for 
Supersonic Flight—Donald D. Cox 

Some Fundamental Principles of Collision 
Warning—Emory Lakatos 

System Considerations in Instrument Dy- 
namics—Victor Azgapetian 

=nvironmental Simulatior A Tool for the 
Contemporary Engineer—H. John Cail 

Environmental Testing of Avionic Equip- 
ment—R. H. Douslass, Jr 

Principles of Self-Contained WNaviga- 
tion—H. H. Bailey 

Stable Platforms for High-Performance 
Aircraft—R. H. Cannon and D. P 
Chandler 

Executive Aircraft for Busine 
tary—Maj. Gen. J. W. S 

Engineering Approach to 
craft—Ralph M. Harmon 

Propjet and Turbojet Business 
W.H Ir 

The Effects of Vortex and Shock-Expansion 
Fields on Pitch and Yaw Instabilities of 
Supersonic Airplanes—Jack N. Niel- 
sen and George E. Kaattari 

Analysis of an Electrical Flight Control! 

System for Interceptor Type Aijircraft 
E. Price and R. Westerwick 

Design Considerations in the Use of Pow- 
ered Augmented Lift Systems—W. T. 
Hamilton 

and De vel pment Planr ng in the 


and Mili- 
ms, J 


5, Jr 
ness Aijir- 


Aircraft 


S. Air Force—Lt. Col. Carlo R. 
Tosti 
Around the Requirement in Thirty Min- 


utes—Rear fae D. J. Welsh 
Flight Te esting of Guided Missiles—Mil- 


On Panel Flutter—Y. C. Fung 

The Research Airplane—Past, Present, and 
Future—W. C. Williams and H. M 

rake 

Airline Technical Requirements Planning 
Ray D. Kelly 

New Sonic Test Environments & Facili- 
ties—K. R. Jackman 


Member Nonmember 
Price Price 


$0.35 $0.75 
0.35 0.75 
0.35 0.75 
0.35 0.75 
0.50 0.85 
$0.35 $0.75 
0.50 0.85 
0.65 1.00 
0.50 0.85 
0.35 9.75 
0.35 ).75 
0.35 ).7 
0.50 ).8 
0.85 1.3 
0.35 0.7 
0.50 ).85 
0.35 ).75 
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0.35 
0.65 

0.50 0.85 
0.35 
0.35 0.75 
0.50 85 
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0.75 1.20 
0.35 
0.35 0.75 

no charge 


Order by number from: Preprint Dept., IAS, 2 E. 64th St., New York 21, N.Y. 
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Papers; Atlanta Section Sponsors Annual Stu- 
dent Competition. .... July 
Southwest Products Co. Joins IAS Corporate 
Membership July 
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PRECISION FORGINGS 
By WYMAN-GORDON 


LENGTH 29” 


LENGTH 30” a LENGTH 49” 


Precision ... close tolerance .. . low-draft ... 

no-draft — these are relative terms and con- 

siderable confusion has been created because 
they have been loosely used. Close tolerances on large forg- 
ings have been pioneered by Wyman-Gordon over the years. 
The degree of precision which is practical now becomes a 
question of economics. 


The forgings illustrated are typical of Wyman-Gordon close 
tolerance forgings that have been produced in quantity. In 
solving problems of tolerances, design and metallurgical 
quality, there is no substitute for Wyman-Gordon experience. 


WyYMAN-GORDON COMPANY 


Established 1883 


FORGINGS OF ALUMINUM @© MAGNESIUM @ STEEL @ TITANIUM 
WORCESTER 1, MASSACHUSETTS 
2 HARVEY, ILLINOIS a DETROIT, MICHIGAN 
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New Products and 
Product Literature 


of interest to IAS members 


AIRCRAFT & MISSILE MATERIALS & PROCESSES 


X2020 Aluminum-Lithium Aircraft Alloy. This new alloy will maintain high 
strength up to 400°F.; also increases the modulus of elasticity of aluminum 
alloys. Aluminum Co. of America, 1501 Alcoa Bldg., Pittsburgh 19, Pa. 

“What's New With Lithium.’? Monthly newsletter contains information on 
lithium and its compounds. American Lithium Institute, Inc., 32 Nassau 
St., P.O. Box 549, Princeton, N.J. 

17-4 PH & 17-7 PH Stainless Steels. 28-page booklet describes properties 
and applications plus fabricating procedures for these special precipitation 
hardening alloys. Armco Steel Corp., Middletown, Ohio. 

“Suparcast’? Aluminum Investment Castings. Increases in strength and duc- 
tility properties permit use as structural, load-carrying aircraft parts, sub- 
ject to shock, impact, and other stress. Arwood Precision Casting Corp., 
321 W. 44th St., New York 36, N.Y. 

SE-555 Silicone Rubber. Especially suited for aircraft seals and gaskets for 
use in the —150° to 500°F. range. General Electric Co., Watertord, N.Y. 
“Mill Products & Alloys.’? 12-page technical brochure reviews in detail mill 
products in aluminum, titanium, and other metals. Harvey Aluminum, 

19200 S. Western Ave., Torrance, Calif. 

Sprayed-On Textured Coating for Missiles. Contains mica, asbestos, and 
perlite which combined with an elastic chemical base provides insulation 
and protection over a wide range of temperatures without losing its bond or 
flexibility. Kenitex Chemicals Inc., 2950 S. Fairfax Ave., Los Angeles, Calif. 

New Bonding Technique Applied to Fabrication of Nuclear Fuel. Fuel ele- 
ment is shaped as flat strip and consists of enriched uranium completely clad 
with zirconium or zircaloy. Metals & Controls Corp., Attleboro, Mass. 

“Titanium Prices.’? Pocket-sized technical booklet, ‘‘Titanium Minute 
Reader No. 1,” is the first of a continuing series. Titanium Metals Corp. of 
America, 233 Broadway, New York 7, N.Y. 


AIRCRAFT & MISSILE PARTS & EQUIPMENT 


Line Mounted Butterfly-Type Shutoff Val: D--igned for fluid systems 
handling aviation fuels; proved for opera ‘mbients from —65°F. to 
+265°C. Aero Supply Mfg. Co., Inc., Cor 4, 

Modular Actuators. Catalog 57A describes ‘inc of 64 standard, interchange- 
able actuator components which can b sembled into hundreds of com- 
binations. Airborne Accessories Corp., Hillside 5, N.J. 

‘Pet’ Solid Propellant Rocket Motor. This 0.6-lb. motor is 1.5 in. in diameter 
and 4.75 in. long; furnishes 40 Ibs. of thrust for 1 sec. Atlantic Research 
Corp., Alexandria, Va. 

Fast-Acting Electrochemical Squib Switches. 4-page fact sheet gives physical 

* and electrical characteristics. Atlas Powder Co., Parke Thompson Ord- 
nance Section, 9404 Watson Rd., St. Louis 19, Mo. 

Aircraft Cables & Assemblies. New brochure includes tables showing engi- 
neering data on different cable constructions. Bergen Wire Rope Co., 
Gregg St., Lodi, N.J. 

Machmeter & True Air-Speed Meter. This pressure-actuated electrome- 
chanical instrument responds to inputs of static pressure, pitot pressure, and 
stagnation temperature. MM. Ten Bosch, Inc., Pleasantville, N.Y. 

Force-Balance Direct-Acting Mach Switch. This 1-lb. unit provides an ac- 
curacy of +2 per cent with an altitude range to 70,000 ft.; can be made to 
open or close at selected Mach points up to Mach 2, with complete free- 
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dom from retreat flutter under environmental conditions. Burton Mfg. “gs 


Co.,C ado Ave. at 26th St., Santa Monica, Calif. r 
Drive- Pin Blind Rivets. 16-page catalog features application data. Deutsch ‘ 
+) Fastener Corp., Dept. 36, P.O. Box 61072, Los Angeles 61, Calif. 
ee Lightweigh it ae Borne Food Storage Refrigeration System. For operation in 
it of from 0 to 110°F. at altitudes up to 25,000 ft.; utilizes special 
ght soopepents specifically designed for aircraft applications 
stries, Inc., Hamden, Conn 
Model 1733- HBU- 249 Coolant Pump. For use in supersonic, high-altitude 
flight lit is a self-priming, positive displacement pump, featuring an ex- 
ter adjust able pressure-regulating valve. Eastern Industries, Inc., 19) 
t., Hamden, Conn 
Floating Self-Locking Anchor Nut. Features a high metal cap to protect Ti 
part | personnel from protruding bolt ends. Elastic Stop Nut Corp. of 
Union, N.J 
Tapered Orifice Valve. Function is basically that of a needle valve, but, by = 
trating all of the flow area in one triangular section instead of around su 
in 1 ring, it is virtually clogproof. General-American Valve Co 
P.O < 444, Corona Del Mar, Calif 
KR-8 Integrating Rate Gyro. Features a newly developed self-contained 
t ire control oe operates on the heat-of-fusion principle and i: 
to maintain a temperature of 80°C. with a tolerance of 1/3°. T 
ectric Co., idy 5, N.Y 
iow P rice Gyro-Type Compass System. For business aircraft; features an 
driven, panel-mounted gyroscope; weighs 8 lbs. General T 
, schenectady 5, N.Y 
Precisi n Instrument Ball Bearings. 36-page catalog lists company’s com S 
I i f miniature bearings. General Motors Corp., New Departure Div., 
Miniature Centrifugal D.C. Blowers. Units are designed around 1'/: and 2-in | 
rotor id both clockwise and counterclockwise scrolls are available with c 
t or round outlets for ducting. Globe Industries, Inc., 1784 
Stanle Ave., Dayton 4, Ohio H 
‘Foot Thumper’? Skid-Warning System. Senses an impending skid, and 
r3 m4 wal t pilot by rapping the bottom of his foot with a plunger. Cood- 
m > > & Rubber Co., Aviation Products Div., 1144 E. Market St 
Blind Bolts. 8&-page catalog descrit Des s bolts for high-strength blind fastener 
‘ Hi-Shear Rivet Tool Co., 2600 W. 247th St., Torrance, Calif 
500-Gal. Lox Transporter. Features a new type of undercarriage with 1 
c ained ide lraulic unit for quick and easy loading and unloading 
ries, 219 net St., Newark, N.J 
Miniature D.C. Elapsed Time Indicator. For military air-borne applications 
t indicate elapsed time up to 2,500 hours. The E. Ingraham Ci 
Bri Conn I 
Subminiature Static Flasher. A new flashing warning light for aircraft 
syst three functions are incorporated—flashing light, steady light, and . 
t as weighs 13/,0z. Jordan Electronics Co., 3025 W. Mission Rd 
Alh ill I alif 
Portable “A rsible Axial Flow Bilge Pump. Model RR11600A is designed ; 
to permit passage through a 4-in. diameter hole. Lear, Inc., Lear-Romec 
Div., Elyria, Ohio 
| Bonded Rubber Vibration Mountings. These mountings have the ability to 
r) withstand temperature extremes with minimum changes in physical proper- 7 
4 ti perate efficiently from —65° up to +300°F. Lord Mfg. Co., 1635 W | 
12th St ¥ rie, Pa 
Model 1041 Magnetic Brake. Available with a built-in damper which oper 
ates on the eddy current principle; weighs 1.25 lbs.; measures 4.10 in. long, 
1.85 in. thick, and 3.00 in. wide. Lyndon Aircraft, Inc., 140-1 Clifford St., 
N 
Mini: ature Ball Bearings. 24-page catalog describes standard radial 
miniature bearings ranging in size from 1/10 to 3/8 in.0.d. Miniature Pre 
? rings, Inc., Keene, N.H 
“Saf- T-M atic’? Emergency Restraint System for Flight Personnel. Consists 
of an automatic shoulder harness reel plus an entirely new buckle assembly 
which features metal-to-metal plug-in fittings. Pacific Scientific Co., 1430 
Grar Vista Ave., Los Angeles 23, Calif 
Model 501 Lightweight Tracking Camera. For wide-angle aerial photography; 
employs rapid-scanning principles to obtain successive photographs covering 
180° from horizon to horizon. Perkin-Elmer Corp., Norwalk, Conn 
Servomechanical Parts. 32-page catalog describes a complete line of miniature 
and standard parts for assembling servosystems. Reeves Instrument Corp., 


E. 91st St., New York, N.Y 
Model 1459 Low-Frequency, All-Metal Mounting. Developed to mount air- 


borne resolvers, computers, and radar search equipment; natural frequency 
is between 5 and 9 eps for vibration protection. Robinson Aviation, Inc., 
Teterboro Air Terminal, Teterboro, N.J 


YT-66 Variable-Speed Gas-Turbine Engine for Flying Platforms. Weighs 50 
lbs. and has a maximum diameter of 15'/2 in. Solar Aircraft Co., 2200 
Pacific Highway, San Diego 12, Calif 

Miniature Vane Pump Cartridge for Aircraft. Will deliver 1.04 gpm at 1,000 
psi and 10,000 r.p.m.; less than 1'/s in. in diameter; weighs only 2.5 oz 
Vicke Incorporated, Detroit 32, Mich 

‘*Power-Safe’’ Electric Brakes. 36-page technical report WEB 6293 includes 
photographs, drawings, diagrams, and complete data on units designed for 
fail-safe applications. Warner Electric Brake & Clutch Co., Beloit, Wi 

“‘Teflon’’ Hose Assemblies With Permanent or Detachable-Type Fittings. 
Fittings can be attached or removed in the field using standard bench tools 


The Weatherhead Co., Aviation Div., 300 E. 131st St., Cleveland 8, Ohio 
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“‘Silvercel’? Rechargeable Batteries. Bulletin describes 16 types of produc- 
tion batteries for unmanned aircraft and missiles and 11 for manned air- 
craft. Yardney Electric Corp., 40-50 Leonard St., New York, N.Y. 


ELECTRONIC & ELECTRICAL EQUIPMENT 


1958 Electronics Catalog. 404 pages list over 27,000 items. Allied Radio 
Corp., 100 N. Western Ave., Chicago 80, I1! 

Time Delay Relays & Sequence Program Switches. Developed to meet all 
the varied requirements of sequence programing; offer up to six load cir- 
cuits in the repeat-cycle timer and up to five load circuits in the reset-cvcle 
unit. Automatic Timing & Controls, Inc., King of Prussia, Pa 

Subminiature Automatic Calibrating Bridge-Balancing System. For use with 
strain gages, accelerometers, pressure, position, or any other resistance- 
type transducers to control, balance, and automatically calibrate up to 
24 transducer channels. B & F Instrumenis, Inc., 4732 N. Broad St., 
Philadelphia 41, Pa 

Transistor Replacement Chart. Gives information about the correct Bendix 
transistor to use when replacing weak or burned out transistors. Bendix 
Red Bank Div., Long Branch, N.J 

Type 1006 Wide Range Pulse Generator. Technical bulletin discusses unit 
producing a stable source of pulses in eight overlapping frequency ranges up 
to4.5mce. Burroughs Corp., 1209 Vine St., Philadelphia 7, Pa 

$9-4 Hi-Temp Switch Features Ceramic Case. Provides precision tolerances 
in an ambient temperature range of 100° to +900°F. Electro Snap 
Switch & Mfg. Co., 4218 W. Lake St., Chicago 24, Ill. 

Custom-Built D.C. Power Supplies. Bulletin GEA-6690 describes tailor- 
made systems for computer, aircraft, and special applications. General 
Electric Co., Schenectady 5, N.Y ‘ 

Hermetically Sealed Miniature Precision Switch. Unaffected by ambient 
pressures; a balancing system automatically equalizes environmental 
pressures on the actuating mechanism. Haydon Switch, Inc., Waterbury 20, 
Conn 

Type 1231 High Power Telemetering Diplexers. These instruments feed 

ignals from two 100-watt transmitters into a single-missile antenna system. 
Hycon Eastern, Inc., 75 Cambridge Parkway, Cambridge 42, Mass 

Transistorized Frequency Converter. Designed for application with auto- 
pilot systems, guidance systems, and in telemetering functions, as a source of 
high-frequency power for magnetic amplifiers; transistorized circuitry said 
to reduce weight and overall size by approximately 60 per cent. Robert- 
shaw- Fulton Controls Co., 401 N. Manchester, Anaheim, Calif 

Instrumentation Cables for Telemetering & Data Recording. 8-page tech- 
nical bulletin gives complete data. Rome Cable Corp., Rome, N.Y. 

Miniature Permanent-Magnet Motors. Feature a rotatable brush holder which 
is adjustable for best commutation and power output; write for data sheet 
No. 2857. Servo-Tek Products Co., 1086 Goffle Rd., Hawthorne, N.J 

‘Radio Web”’ Air Navigation & Traffic Control System. Designed to provide 
a nonsaturable envelope for traffic control, accurate navigation anywhere 
within the web, and a feature for the prevention of air-collision. Stavid 
Engineering, Inc., U.S. Highway 22, Plainfield, N.J 

Transistorized 200-Watt Transmitter. Claimed to increase substantially the 
effective range of FM/FM telemetering; stepped up transmission power 
overrides background noise near the terminal phase of missile flights 
Texas Instruments Incorporated, 6000 Lemmon Ave., Dallas 9, Tex 

‘‘(Dynox 95’? Miniature High Voltage Solid-State Battery. Capable of de- 
livering high current drains for long periods of time; can supply a steady 
current of 1 by 10~* amp. for 176,000 hours at 70°F. with only a 10 per cent 
voltage drop, or a flash current of 20 microamp. Universal Winding Co., 
Patterson Moos Div., 90-28 Van Wyck Expressway, Jamaica 18, N.Y. 

Model W1801 Servo Repeater System. Includes a transistorized servoampli- 
fier, motor, synchro, power supply, and gear train, all in a housing 2 in. in 
diameter by 4 in. long; total weight 12 oz. Waldorf Instrument Co., Wolf 
Hill Rd., Dix Hills, Huntington Station, N.Y. 


DRAFTING ROOM, PRODUCTION, & MISC. EQUIPMENT 


Bi-Axial Stretch-Former. This new two-way stretch-forming machine is for 
use in forming integrally stiffened missile skins; can accommodate sheet 
sizes up to 5 by 24 ft. The Hufford Corp., 1700 E. Grand Ave., El Segundo, 
Calif 
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RESEARCH & TEST EQUIPMENT 


Analog to Digital Converter. Type 525 Encoder is designed to provide precise 
conversion of analog input data to digital output voltages. ACF Industries, 
Inc., Avion Div., 800 N. Pitt St., Alexandria, Va. 

‘‘Hydrauliscope.’’ An electronic analy zer utilizing oscilloscopic principles to 
measure pressure activity and phenomena in operation of hydraulic sys- 
tems; camera attachments are available to make permanent records of 
hydraulic activity. Aeroquip Corp., Jackson, Mich. 

Temperature-Altitude-Humidity Walk-In Test Chamber. For simulating 
flight testing of electronic components; outfitted with a vibrator on tracks 
which allows in-the-chamber specimen vibration simultaneously with tem- 
perature and altitude testing. American Research Corp., Farmington, Conn. 

Friction Torque Tester for Instrument Antifriction Ball Bearings. Operates 
by slowly rotating the outer race of a bearing under test; tester explores the 
various configurations of the bearing and gives precise measurements of 
starting friction torque on a chart recorder; overall accuracy at full range is 
better than +2percent. Asch Equipment Co., 642 Keowee St., Dayton 4, 
Ohio 

SR-4 Foil-Type Rosette Strain Gages. Feature substantially higher sensi- 
tivity and stability; can withstand temperatures to 300°F. in continuous 
service. Baldwin-Lima-Hamilton Corp., Waltham 54, Mass. 

All-Transistor Analog-to-Digital Converter. 4-page brochure contains com- 
plete specifications and utilizes basic circuit diagrams and sketches to 
explain operation. Beckman Instruments, Inc.,325 N. Muller Ave., Anaheim, 
Calif 

‘“‘Dynamaster’’ X-Y Recorder. This new strip-chart recorder will automati- 
cally plot a continuous curve showing the relationship of one measured vari- 

ble toanother. The Bristol Co., Waterbury 20, Conn. 

Event Recorder. Instantly and simultaneously records up to 100 channels of 
on-off information in permanent chart record form; valuable in checking 
electrical and electronic sequences in missile and aircraft control systems. 
Brush Instruments, 3405 Perkins Ave., Cleveland 14, Ohio. 

HY-6000 Dynamic Shock Testing Device. Produces extremely high loads in- 
stantaneously with thrusts up to 40,000 Ibs. Consolidated Electrodynamics 
Corp., 1775 Mt. Read Blvd., Rochester 3, N.Y 

Type 4-120 Vibration Pickup. Developed for ground and in-flight monitoring 
of jet engines; can also be used in all high-frequency, low-amplitude vibra- 
tion studies under extremes of temperature. Consolidated Electrodynamics 
Corp., 300 N. Sierra Madre Villa, Pasadena, Calif. 

Seven-Channel Magnetic Tape Recording Head for Missiles. Can be direc tly 
connected to thermocouples to record without the use of amplifiers, using 
only 20 microwatts. Data Storage Devices Co., 7828 Burnet Ave., Van 
Nuys, Calif 

Air-Borne Time Code Generator. Employing transistor-driven magnetic 
cores, this lightweight 1'/2-cu.ft. unit is designed for missile and aircraft 
instrumentation; supplies a 16-bit, 24-hour binary code to hours, minutes, 
and seconds. Electronic Engineering Co. of Calif., 1601 E. Chestnut Ave.., 
Santa Ana, Calif. 

70-Mm. Camera Designed for Missile Tracking. The large frame, 2'/; in. sq., 
minimizes tracking error and helps keep high-speed, elusive missiles in sight. 
Flight Research, Inc., Richmond, Va. 

Mode! B386 Angular Oscillating Table. Designed primarily to evaluate the 
damping and response characteristics of angular accelerometers and rate 
gyros. Gentsco, Inc., 2233 Federal Ave., Los Angeles 64, Calif. 

Mach 1.5 Total Temperature Probe. Features ceramic-blanketed temperature 
element; measures stagnation temperature over the range of —70° to 

+ 350°C. G. M. Giannini & Co., Inc., 918 E. Green St., Pasadena 1, Calif. 

SLM Differential Pressure Indicator. Model DPI-114 measures both fast 
and slow transient differential pressures at any two points in a pneumatic 
or hydraulic system; can be calibrated by conventional static methods. 

tler Instrument Corp., 15 Webster St., N. Tonawanda, N.Y 

Mode! 2 2249 Gyro Drift Recorder. Capable of detecting, indicating, and re- 
cording with extreme accuracy the minute increments of drift character- 
istic of mode rn high-precision gyros. Lear, Inc., 3171 S. Bundy Dr., Santa 
Monica, Calif 

Air-Hydraulic Aircraft Test Stands. Adaptable for both hydrostatic and 
functional testing; reciprocating demand type pumps deliver hydraulic 
fluid under pressure as required. Ledeen Mfg. Co., 3350 N. Gilman Rd., 
mte, Calif. 

Magnetic “sie for Instrumentation Recording. 8-page booklet covers six 
type f “Scotch” brand tapes for use in telemetering, air-borne recording, 


and other instrumentation applications. Minnesota Mining & Mfe. Co., 300 
B St., St. Paul 6, Minn 


BCT- 30 )0 Transistor Curve Tracer. 4-page bulletin #387C includes a block 
diagr um showing the variety and flexibility of test functions. Norden- 
K Commerce Rd., Stamford, Conn. 

Portat le yr -Speed & Altitude Field Test Set. For flight line testing of air- 
raft pressure instruments und systems; self-contained unit weighs only 85 
Ib NVorden-Ketay Corp., Commerce Rd., Stamford, Conn 

Model AAc-2 Angular Acceleration Generator. Duta sheet S-120 describes 


his torsional pendulum instrument applicable to the evaluation of effects in 

several planes on moving coil instruments and small clectrodynamic devices. 

Statham Development Corp., 12411 W. Olympic Blvd., Los Angeles 64, 

Calif 

‘‘Hydrashaker’’ Vibration Excitation System. Claimed capable of providing 
previously unattainable combinations of force, acceleration, and frequency. 
Wyle Associates, 128 Maryland St., El Segundo, Calif. 
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Keeping pace with the development of modern, high- 
performance fighter aircraft, Wright Air Development 
Center has created a whole new concept in instru- 
mentation. 


Old fashioned clock-type dials which take time to read 
and interpret, and which waste valuable space, are 
being replaced by what WADC calls ‘‘whole panel in- 
strumentation.’’ This concept presents flight infor- 
mation in arelatively few, integrated displaysin directly 
usable form, saving time and space. And, it is now 
possible to place command information before the 


ISMS 


Timesaver 
Spacesaver 


pilot, showing him what he should be doing and how 
to do it. 


Servomechanisms, Inc. is proud to cooperate with 
WADC and Air Materiel Command in applying its 
proven design experience to the development of several 
of the new whole panel instruments. One, for example, 
provides extremely accurate altitude and rate-of-climb 
information on vertical scales, thereby relating infor- 
mation to a common horizontal line—a reference inte- 
grated with companion instruments. For additional 
data, write to: 


SUBSYSTEMS GROUP 


GENERAL OFFICES: 12500 Aviation Boulevard, Hawthorne, California 
PLANTS: Westchester, California « Hawthorne, California « Westbury, 


products of S/ 


nada ana throughout the wor 


L.1.,N.Y. Garden City, L.1., N.Y. 


1 through Servomechanisms (Canada) Limited, Toronto 15, Ontario. 
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CRYOGENICS 
AND PUMPS— 
a BY.STRA TOS 


4 


, Cutaway of a Stratos Cr ganics Malve 


EST 


COMPRESSED 
SUPPLY 
TEST CELLS 


WATER STORAGE 


With the facilities and experience to meet the growing requirements Schematic of the new Cryogenics Test 
of cryogenics, Stratos is at work on a number of interesting projects Faciity ot Stretes Westere Seon 
in the low temperature field. Besides a basic background in the aircraft 
accessories field, Stratos engineering department includes specialists 
in cryogenics—men who have broad experience with gases at very low 


temperatures and with liquefied gases. ST FATTO 25 
Among the cryogenic facilities at Stratos is a test installation recent!y = 
completed at the Western Branch plant Manhattan Beach, Calif. This A DIVISION OF FAIRCHILD ENGINE AND AIPLARE CORGREEE 


facility can iest valves up to 12” diameter and achieve flow rates above Main Plant: Bay Shore, Long Island; N. Y. 


11,000 gpm. 1. 6G Western Branch: 1800 Rosecrans Ave., 
Inquiries on valves, pumps, controls and systems are invited. Manhattan Beach, California. 
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